
_<_oJ! 4_I 4_ 

u ^\ ^_Jl*_Jl! 4_^1_*JI 4-<-u_<_ujJsI 

(MaZl 2uLdl3jb¥l 


4 j <rttl JLaUI 4 (jaiJj Ju C-UjjGJI J <B yLoi! f^LOU <LaL*JI 4 ui i nj-tl CjjjJi 


fbj^l 


4jjLij^=JI CjI Jl*1IIj 






C_4_jj jJll 1J ^jlaJI 4_^1_*JI 4 < <1 MlJ 4II a ^ A 3J ^ ^ £-L$J>. 


_a1426 4_Jj| 4 v « . <m 























4 aJ*a 


4dUbj^5Jl ulJUUIj uWl 

uJUJi wGaJi 


(^3 

^Uj^s 


4*J£* 


: JlAJJ 4 4-L^e-A^5 J 4JT £ 0 JUU ^ ^^L<-aJIJ £ £> Juvj 4JLI jL$J>Jl 

^JG. 3jjL2JI ajjjJLI aj(IojJI jjl j^dJI <J-laGJ ^i^JLl c_ujjli]|j ^luiil ^-lIaIlU a-^GJI a.iu-<-<j j_tI ^ju_uj 

A_5c_uj I IjlA ^ LjJ £ J_$jlJI J^_<_u £— 3SjJ3^1iil A-ti^Xlj A-U-aJ \^ A-jJ-SllJ 1 cGuLG jJI Ji-cu 

* ** ' ** ** ****** 

£ Jj I(jr^* Lul J JlcUju J /sL^ulI ^ /j-Lsj jG>ol j_>u A_ c. x ^IlJI ^j-Ls^Jl I JlA 3 jLs <j jJ ^a 3 Ju Ju_aJI 

^jjju ^jlSjJI aJL?e-c. Lojus jI Cy ^JjlILj ^JL-ail 4 jLuIu 3^S ^JLc.^ 

.LlcLl^o a-^jlSjJLI (JjjJI Gu aJl!I 


AuajLdljl A-JjjJ! £_jjL?GJI £~a ( 3 ^J A_uL>uI 3jU4. ^_aLl1I jujJujj <^**<t A-^LaJI 3j|jVI Cu G'G j 

4jLi^2-L^io a ^ 1 » j I jjUJGLa ^ >1 ^ aIIj jo- A-j-^JLc c—£ a_ujjJuJI *Lb ^_ 

3ju^=djJI ^jJI a_u_G jJI A-J 4 U j-u LGI jlJ lcJ ^jjjGLuc £l~ 3>j-Laj>Jl £>JlA cGlLqu £ ^jGJLGILg ^.JillJ 

J5)j_<_u JIL 4 J <jL>J —x tluJ L7 ic L^jLl) jwtJL jlXI Ju^jju jJ £ A_j_uj JlxJI ^.Llj A-.l<.uLl-u1 

(^jJI ^JGjlII jJsIjJI £~a a-uJaJI ajJjJI o-pHj L__tjjjbJIj ^Ii.j .,1 1 ^^JLjuJJ a_^L*JI A^ujllj 

^-ujju ^cLj^wlJ aJLcL^=lLc 3jJbJj ajL^jJI ^jL?eJJI &>x£> t cjLJLI^ILc 

. A_U_uL_uV( ^jU-L^ILo ^J-Sj>iJ A_iJt^ Ij \j (. L^Ll^jJI 


^jjj, ^,^-jlII A-uLjj^^dJI CjIjjlIIj Cj^VI A_ojj jUJI A n, J^>iJ 1 JjLujj 

•Q^ Vitl I JiyJ A-^jM-51 CjIjL^JsI c-jl < A j^? ^JjLuj Aj^_l>- A-lcLlu^JI A-baill Jubljt^JLJ 

4 JLII {j-a A-ujjJll!I a_lj_S_>JI oJJt dljJu <^**<t A-aL*JI 3jI j 

^ JllSjGJI jJL>lJ c_jj_L_uG c ^J>UI />> tl CjIjI^JLI ^ %r J'~ t - U J^~* ^‘\ s ^ & / (JI 

.Cj IJI 4 II $JJ£> LjL A jl^C- Ju ^jJI ^.Vlj CjI «lulltt j AuLaTl^-u^G^ 


1^0 £-LA<-u 4jJ 0 L-bjUJ 4_(_>u Li [^JLA £jJ JuGlb-tiJLlj La jl JlcI L7 ic (3^J^ O ^ (jG-aJ 4_U Ij 




A^U! SjbVI 


.^LcjJI 






ijJjJt_ coil A_A_ ^aJLqJLl 

$ l! <—cjjJuJIj ^iAJI ^LoU 4_^Ljl]| 4_<_u_t ^j-U 

gtALUl jJ$lauj 2ULJI SjbVI 



Ub^l ulJUdlj (J VVl ^Lm 











I UldJtllj uWl gjUe 
CJLiJI laaII 






. ds->Jlj j*UVI ijj* (-JjJLlU <j! ♦ djlJLfe}! 


: I 

. ( J1 <L^>» ^JLz. C-JJ JuJLl bi&JJUJ <j| (1 

. v^->. Cr^ <-J9 jjuj (jl (2 

. ^jI JlJI d^>JI ^1^. c_)jJuJLl biijJUJ (jl ( 3 
. Z85 4< m< l SjIjl>J 1 (jLSjl ^J>\ l-jjjlUI (Jjjuzj ♦ filial I i£^jlha 

C^L«. 3 * uJ^JUkU S^2XI 

: 3JL&mi JjUjJI 

4-pt-uiajUll CiLo^dU^Jf 

: djlJLfcJli UIKU 

. ^jl«i«tl ^ irirtlL oJjjj.jJ.I dll^-aieJ.1 '£— i^JLseluuJl! <_JjL%lII qjh <C.^asca 
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2luUj^£)I ulJuttfj uW) £:Lw (u^ 

^jUj^SJIi^I CJl^l ki^ll tUjmfJLJI 



^Uj^JIdssJI 


jl (jJJjij 4-iJL jj,^ t1 JLjsejC I Jl^v. lULfJ! ^ibl jla..tl ( mjI^LuLc^ tl 0->iJI SjJbLld (jl 

( jjpJll jLpJ! cjVT 4-uLjj, tl cjVjj>JLI ) JlLa 4 _uLjj, tl cjIjjJLI tl l j r A jjJjlJI 

. Bj^LLaJI &Ju!b 


: ^Jj Lc 4 £j*jla LLlIc. Sj^LLaJI £ju & ^Vgfltj 
^ t <nt^>IJJL q j)j, ^*— 111 0 ->iJL j J> jju^oX I ( 1 
t <ntoLuLajj^^sJI C^->JI ^1 jjI (2 

^ / njU>l / ♦ ^ C^->|JI CjLcI Ju^To-gI (3 


^■U-lU-Ls Lift ^ ^Z3L11 0 ->iJLj \9 ^ II 

3 jJL-U-U-J jU- 1 ^ / n LlU I I j_<JU L-U-J-LJjJ LtluJ ^ 1 / » ^J>J. ^ ^—1 11 J m I 4_2_LaJ^3 <J 

J^tiuJI IJ-& (JjL& jJsLj ^2-^ jLp L^lc £-lij (J-4-O J_4 L_^|j2oI (^JLl ( Llj . . J} ) A-uLj^ ) 4jL3 I J 

: a_21_jJ! c-jLu-uVI Jl>.I (J-4 (J^J rt 11 £— 

. ( (JJ *—t < al? I C^->* L_ /-Lt-ij-lJ ) (Juild jwLC jUI jLlil j-UU - I 
. ( Lu13 Lj_>. ) c_2iLo j.i£. jUI jLpJI - c_j 

. ( <^=3 J->X | C^>- L- ^-U-O-jJ ) cJlJLa I Ju ‘ 1 J t^> LuL<3 4JI (J L>Jl I (Jj>- I J (J-X-O 


^ 11 0->«J I I 

j LuJI j-ljuj l (J-^3-iI 4^zdjj>+j (. Cj UUI J Jlc. Lj lJiLL>iJ ^IjjI 4j^L<J ^ ' n I 0_>JI ^-lxlSJj 

: ^1 j-)Vl £Jl& t 


OJ- 


^~> <«tl c 


-.. 


o 


■Cr- 5 


jloil c 
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2 luUj^£)I ulJuttfj uW) £:Lw (u^ 

^jUj^SJIi^I CJl^l ki^ll tUjmfJLJI 



:^1 jJ 1 ^>JI 


ItaaiLlii \y 4 fll ijiJI 



(1-1 ) J^=ui 


jJ j_l2 ( h 11*1 ( j r ic. ojHyX I 4_u Ljj, I Ajl 3 I jJ I 2j_2J I JwLjjlIj l_jJLo j LXI j LuJ I Jw<jlj c-<-i-<-uJ Jj I jJ I CU_>J I LtTLaJ 

cJlU 1 A-U-CL^JlC. A_U_a_jlo 1 f * A A j g 3JJ0 J-!JJ L- /-LlU-L^ 4_t3 J LI* I <■ ^11,1 £_La_dJ JulLo Lj-lOJ-Ls VjJuZ [ jU 3J-3 J LuJ I 

.( 1 ”1 ) J^dluHjJLj 1 n (jj 1 IaXI j iJu £_L$j 


: U J}^ '"^ 





( 2 “1 ) J, ^-^ ni 


au1jL(Jl 1J I tl P cJliil 4-4 ■ /—LiuJ ^jj^-"> (-oJI 0->* ^-IuJ ( 2 ”1 ) miJLj 1 o *—> 

. S <Jdll 4 -uL)J^^3 AJL^Ij 2 Jj9 LJoTi] P (Jill! L-uJ^SJI S lJiU! JJ P cJliil ^j-4jwUU ^jJI 
2 j^L1^ L-juuuu j jji-VI ( tfUl A-U Ljj ^ Ajl^I J 2 j£ JuJ jj J I JjJ diLaiil Ju>- I 4- jLl' j-t*J <jl (^1 

. ( 11 oil o^>-) J^LHI o_>JI 


J^UUI c 


A_uL) 


±>4* 


jLuJI (^JlJI lJ?JL1*1 J-&J lJjJLUj P cJliil 

AJL^I jJI 2 J_2JI 4_J OjJjJ (^JlJI L-ilXI J-&J cijlill C-jJLUj S cJliil 


- 3 - 


































ulJUUlj uVVl &4U$ 
uJLUi JuaJI 


fbj.^Jl 


( (IT ) L^jJl^ 4_u>aj BjIlS ( dl ) j I JuL^j p ^jI JUj^I cJiIXLj jLtl jLuJI j^laj jJ_cj 

. ( dO) s c tfUi jwuu ^jJI ^-x-cula iiuI 


.4^>U]Ij 4-uLjj.^11 ajl^IjJI Sj_SJI uLq. ^ ^3 

e 2 = N 2 ( d<D / dl) 

^ILjJL^d 4j3^L*JI 4_u_o^3lC S cJiiil 4^LtiLL!l 4-ijl \j » 11 Ajl^IjJI o J-SJI 

e 2 = - N 2 (d<D / dl) 

X(j\ 4jL^ ( dl ) jLpJl C—<-<_uLuJ ( N 2 • dO ) ^ i ujIoIJjlU ^jl 0_p*J 


e 2 = - N 2 ( d® / dT ) 
e 2 = - L (dl / dT) 


. ( I ) 4_i_u LcS 6 ^i— i_l1> I O' ■-~>ij I ^J_-3 La_a ^ <w *i 


.UUI 






( 3 1 ) (J ^T . *~l 
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AbUj^JI ulJUUlj uVVl &4U$ 
uJLUi JuaJI 


fbj.^Jl 


Liwj IJ <1^1 toL uLo dJL^o j I {jt juj-A^ LuLo J [szjQ IJ j_a dJhj^o I C^>. Bj^&llo Jl^Uju 

C_J 3 1 ) L ( I 3 1 ) JxIlU J t ^ <: —» lJiUI cJiljJoI (jjJ-C. A_uL)J^^D AjL^lj B^3 jJL-U-J- f-UJ Lq_4 cJlL<3 

.( 

Bj^jfe LkaJ I 0 Jl&j l j Lxj jjj^c ^JLc. J Ju L<^4 jj LiL>iJ I l^y LlLc J Lsta Jiw I Ju cJiii I A^=jjj>. Jlul3 

• o-^pi ^juJuj (jM-i- j-<^ (^jJI jjl c. ^ji i^ \ \(a 


^J-4^-11 J^tij Bjlc.1^ 



Ijp3 4 _lL>iJ( a A\ \j »tl AuusljJI B j_2_tl <>L>ul JuJu?&jJ J^-dJ ^.IajJLs BJic.1j3 ( 4 ~1 ) J <~«tl 

£_UUsl (jUS A^DJU*iJ| *>L>ul \ J^LiaJ ^ / njUd / ♦ t, 1 ^Uo^f J^LllU AU Lu-U-1 1 ^—U^3 1 ^jL^d 

L^-u«o.jm ( j r i^. AjJ>£ uL^I C.*uj>u A-lL>iJI AujLjj, tl Ajl^I JlJI Bj-SJI aL>uV^ lcuJ ^ MtjJI 


j-J o>^ 


jUi <3> ^^LLill ^UJ 
J'-Oe '-Jill ^ 



jLU 0 ^ .~.L lli_l I ^jh&j-LT I 
^U l 


ij ^4 La1I 


^ j a i v. 1 1 3 Afc LjLi yjjk j ■ 1 1 J Jjj Jju 

| Lj I ^ ■— 11 J>j 111 



uib *ji jij^L V 


( 5 ” 1 ) (J/~l ni 


jULI (J) ^. i. j L Ini f 

Jill ^ 



*(*j 1 ^ »i luLj^ <jJ I j iji j|jS 

^Liiil ^aJL I y j^*_l La LUJ, I jiji]! 
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2 luUj^£)I ulJuttfj uW) £:Lw (u^ 

^jUj^SJIi^I CJl^l ki^ll ibji-^Ji 



^ / a jU> 1 /» ^ 1 CJ jL>J( ^ljuJI Lo Ji Ic. L^L^ol ^j_o^3JLJ 4 _lL>J1 4_u1_Jj^^dJI Ajl^IjJI 0 jJLtl (jl 

.^Lua^il] jLo)VI ^ 

xt-xLLim rt tl JwJlj £_L$-i C.^-tj>Lj oUol 4 _xIL>iJ I A-xjLjj, tl 4 jl 3| jJI 3j_2JI ^jl (^1 

. j-uJ (jjjL^ j-& 1 Jl&j 4_u_>JI 4-uljj. tl 4 jl^I JlJI o j_2JI jjj^o 4-5t-pJ JtJ^Ilil Lliil tl 4 m<1 


e 2 = -N 2 (da>/dT) 


^ / njU>l / ♦ tl 0_>J( Cj Lcl Jlitlu-U I 

JJ^jJLl jLuJI aJTj (Jj^>Jll *~f 4_xjj^^=l 1I oLaj-ilajJ! £jj$ JuJulII £— ^ t <h1^Lul4J)j, tl 1 ^ Jl^eTu-uJ 

jl juJl <Lc.j-lju ( 4JLojj 3 ) ^ri^—> ^ tl 0->Jl ^ju^Il<-(.lI> 1 cj! rtjjto"itl 0-^9 

. L^_l 2 J) J 1 t^T< tl 1 J_& (Jj L-UJ L_3j_<_uj J1 

^clJjjl jLuJl ^ 1 JiitlL-uL j 4 JL 5 ^iHl 



(6 1 ) ni 


jLpJl J I t (J ^—> M) ^JLc. J-4 (J 1 ( 6 1 ) Ml ^A_tJ 

^jlji^j 4 >j^>> 4 ^Lc.Ij ci<-i- L Lj ^ < mjI^IjJlXI <JL>Jll (jjo aJLcuLl! 1 4j < ^^tl SjJLlI ^j ^-^I^jlJI 


jJI ^kll £jufc J^luTuJj ^OjJLll 


■ Aj-C ^^-<-^1 (jP-tl 4 _Uj>^,^-jJ 1 ^jlj^Vl A_ ^cljjjl J Lilli ^1 Jj?tlu_ul 4J 1 
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ulJUUIj uVVl &*Ua 

uJLjJI 




aluj 


'* A 0->iJLj Lc 

S^jI Jl! I 0_>JI L-tluJ <- ^ j*—« 

j-^ o>>^ £-^»J 

$4 ,\J ^‘~ > " ‘Ul^IjJI a^iJI <>L>ijl JljJl>o ‘ * j^~~* 

^ , ,.jt-»l i» ^jjj <^^—■ ]| d^>JI diLa 1 jLSelu-uI j iM 


-1 

-2 

-3 

-4 

-5 

-6 
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ulJUUIj uVVl &4U# 



uJUJl L4ioit 

«U>4iJi 
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ijJjJt_ coil A_A_ ^aJLqJLl 

$ l! <—cjjJuJIj ^iAJI ^LoU 4 _^Ljl]| 4_<_u_t ^j-U 

£L&mi 2ULJI SjbVI 



2u5b>#l uldatlj uVVl ^Lm 





^' i $U c_4_jj jJll 1 j ^*i^tl <LaL*JI a < n Mijgit a ^(J ijJL>iJI ^l^>. 












4^1 iJ&jJI 

2jJUj^SJIu^^d! 

Ubj^lulJUUljuVVl&jLx* fluhb 

uJUUI i.iiiiiit) 


Uloj&l uV^aII ilujLxlijJO'jJi 

. L$£,!^jIj ijuL^^aJI CjVjj>«JLL» ^liVI fjj* (j^~y <H i (jl * 

: 

. 4jLuju Ji^>JLl ujjJGJLI l-Sjjuj <jl (1 

. 4jLu^ 4jvjJI ^j^Lj J^>JLl c-JjJuJLl l_3jjuj ^jl (2 

. 4jLqx4 ^jI jJI J[^>JLl ^JLc c-jjjuJLl lJsjjuj <jl (3 

. LgjL^tXJ (J-XjLui]! UJjJGJLI L_3jJUJ (jl ( 4 

. Z85 <LlluJlJ SjIjLjJI (jL^i J\ $ liitl 

cx^L, 5 : 3jU*JI^ uJjJIU u2>h 

: 3Jt*U4l 

4-pt-U^>^ jJI oLqj-lxjjJI 

: djlJ^luLlkl* 

. (j7 Ujti\ ^ t xlSJL Sjj^rjXI Cj|j*£LaJll ^Jlgej-cJLl L-JjLaeTJl ic, 
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•<ujLU! Ubj^lulJUUIjuVVl&dU* (^3 

4 jjU^£]I uV^bll uJLUl teal I fb^&ll 





^)^-J->iJI J I £J3 jJLj Jl^_>JI ^^j-i-ilA JwLJJLjJ a JliteLuJ 4 jjJL l<-l) I 4_iJLjj. ^*—> 4_ll ^j_C. 3 jL±C. 

Jjj>JLI jwpju LjJLjj i ( ^juiLo ^_j (J jLuJLl 0 ->JI ) ^ t i 11 0 ->iJI 4 t*mtldJJj 

. 4 _uLjj^^=JI 4^1 Utl J_Sj 4 La A_ 4 _a Jiitlu-tJLl 4 _u_uL_uVl CjIjulII 

JlLa 4 _uLjj^^dJI l VI ^j_a jull^zo £_ ^ Ju?tIu_uJ Jl 2 JI lj-L*LJur> 4 _ul tl Cj Vjj>Js I (jL^ LlUjJ 4 J 3 Lx-b VLi 



( 1 — 2 ) M< 

J>>4I 


4jIj Ijufc (J^Liw Jl (Jjj>Jll CjLal jLSfcTu-u \^ J_a^- "* j <■ <J*—I I^jlL_u I L_3 

4_i-^> L>JIj o J^jJI C_JLt-LU-uI c_Jj jJlil d\j±£. £^-3 l5\ ^jl Ll& Jj>JI ^4 

. ^ tl 0 ->iJLj 

4_uL)j^^dJ1 CjVjj>iJLI i j r ^. I gif, Cj Jl^TlL<_u ^^lll 

.( 4j La I Ju?tlu_u I — 4,1 a-f- I ) O-p* 4 jL^<_u 4_^jJI ( 1 

. ( 4j La I Jl^Illjj 1 4,1 aC- 6 jJ==n.£> d u^jjj ) C^_o* 4jLat.u 4 jvj VI J3- >t ^ s 1 (2 

. ( 4j La 1 jL^tTu-u I 4-La.c. o j *—i 4 4 j j *—) 0_p* ^-a 4jl_te«j ^<uk Ij ^jI JlII (3 

. ( L^jLal JtitlL-ul — l^laC 4 jjJ^j ) Ca> ^yA L^jLteu J l^-CI jjLj ^j^LlSJI Cj^J-^o (4 
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•<ujLU! Ubj^lulJUUIjuVVl&dU* (^3 

4 jjU^£]I uV^bll uJLUl teal I fb^&ll 



4*^)1 ^b-i J^l: Vji 


^^HlL L*£ I ^p#fckjj 


LL^ ^jji -Lt^-* w-E 



JxJJ 


P yJFjS^IOltl 
(Nj =cUJ]i jj*) 


Su^cir uUii 
(N 2 =olil3J 


(2-2 ) J, ^-^ , mi 

^bl LuSjJ 

*L>^ (J^->Jll l-x-i^=dj 3 ( 2 “2 ) Mf ^_u 

^IjOjI lJiLo 

JJuu (^JUJu>iJI C-JLH1 ^jL^-u-u (^Jl^I (Jj^ L-Sj^iLa ^ju/L?eJj| cJiLa 2jLi£. 

. IJulj L^jIj Ji^j^JI jJu^-4J ^Ijuj^I (JiUI J-t-^jJj Nl CjLaJ 

(^jjIj cJjJLc 

JJuu (^JuJukJI telil| ^jLS_u_u ^Jl^I (Jj^ c-Sj-iiLa ^uL?eJj| cJiJLa 

. (julj L<uIj J-$j>«JLj (^Jjli]| (. 2011 J,Jt^aluj N 2 CjLU 
j (j-^ 1 m tj ^jI jUjVI cJiiil ^\j ^jj,JLu^jI 

. (^jujl>iJI 4_JLsJt i$i*uj 4 j( (mI^LlLc 
(^juJl>iJI telill 

^IujjjJLj A » -l 11 ^j_C, 4jjj^Lil ( j r J ij^=3ljJL-o] I L-xLuaJl [j-^> Cy* ^-IjLgaJJ 

^jJ^Tlioj ^jJIj (^uXjJj>JI c-JLSJI ^TtI 1,^,^,*, i ^-a ^ jJl cjIjLuJI 

(^JuJl>«JI L—JLSJJj I 4 j ( <n Sj^IjJI 4 JL 0 *—nu (^£jjLjJ1j ^IjGjVI lJiUI C-4- l . l ll! 

. 4-CjJILc L^3_ti I 

4_aLfc 4_LbjjseJLa 

J^U ^ I Jl^E-U-U I 4ajjlo Lr k- N 2 l£ j-iLiJl cJiiil CjLU JJl^.j N] ^^IjujVI cJiiil CjLH JJl£. cJijSjIu 
. N 2 Jju^-U ^yA J-^>«JI £-3jJ ^ JL^Lt-aJ (JjJ>JLl ^jL^d I jl-3 
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Ul&l Sjb'jJI 
uV^ktl 


ulJUUlj 
OJUJI yi^JI 


fUj^l 


. Ni > N 2 lU^j jj^i ^ j^>ji n^t ^jL5tIu_tlJ j^j. 1 (ji^= i jij 

^Ab-j J$ssi IJ*£ 2b>ia} 

4 _jp 3 ^jI JlUjVI < tfUL jLHI lXj-*£ ^ ^ ^-tj G_tl 2 j^Uo (jjJ-C. 2 j,^-n .3 Ju£uu 

2j*J I JlJ I L.C- J ^ I I J_& f 1 LliLa C--4 1 < AL-J miTlf] 4 _l<_u_jIs LlLo 4_*_3 IJ S j_j3 JlJjj 

c n 1X1 Lilow 1.1 ^ 4-^lj.loI (jr^* <G^tIu_cL_t£ ^jjLjJI lGJLII La n-J ( (^£JljJu>iJI l—JLSJI ) 4_u_a_jlo LulI I 

(j-t-J claJj^ (|)2 ^ < <i jloLUt-a °) LJIiJ-J mmf 2 4 j ( a jt^LlLc Ol^I J 2 j*S Jl! J-l£ jLu j^C-i J_^_>JLj 

.^IjQjVIj^liJlLidXl 

J JlIljVI i h 'll CjUJ JJlC. £— ju-UU £— m 4 -J 4 _j 1 j.*—> JlILj ^jJl>JI (J-^J 


4 1 1 11 ) 




Jij^bll <Jj^O 4-U.gJ C-jLujl>. 

tj-^ouQJj 1 ^liw jl Lat^lj ^jL^d ^I J—lju 4-JL>iJ 4.uxlJ jwt-Iuu 

^IjujVI lJiUI jl^Ui = 4.44 f Ni §1 
c a U1 Jl^U2 = 4.44 f N2 §2 

L^>,°)L>» (jj ^—nij ^jLblf Nj ^ N 2 

La^Ij ^jLblf Nl < N2 

4-uLjj, tl CjV1 CjLL^O I J-4 (J-4 

jjLjJI <- *' ^' 1 4_uLjj^^dJI Ajl^IjJI 2 J^tl = 1 Ill ^ 11 4_ul tl AjlBI jJI 2j-SJI 

Ui. Ii = U 2 .1 2 

—► .•.U 1 /U 2 = I 2 /Ii 1 

C-^-UH 4 j ( ((jI^LulU 4jl^Ijl1I 2j-SJI - c o't 4 j ((tjULlUl 4 jl3|Jl1I 2 J-SJI 

Ni. Ii = N 2 .1 2 
.*. Ni / N 2 = I 2 /1! 2 

(jl ^"(m 1 11 < 2 4jjL*i1 ij 1 SJjLsiXI (j-<3 


.-. U x / U 2 = Ni / N 2 = I 2 / Ii = a 


( _ r ib <3f vi. 
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•<UJLU! 


ulJUUIj 
uJLUt ui^JI 


fUj^l 


uUlJliuuVI 


: L^i* Cj\ rtJJ i^yQ JjJjlJI £__ ^Jj?e 


■LiaJ 


jUlU! 1 (1 

'^liil aj^s-l (2 

LuLj 



(3“2 ) (Ji r= 3., i~i 


(3-2 ) 2*^—1 miJLj 1 ) 


^joapojoJi ^aU 

6 

JWI Jjk 

1 

J^uJi ^i3 

7 

^jOApdjJI J^d f iJji? 

2 

^Llf J^di OliJU cijl? 

8 


3 


9 

^jOapzUJI kX^d 1 OUlo ci >jIp 

4 


^Wf kA^tJt ^ftlo 

5 
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Ul&l Sjb'jJI 
AjjU^ftl uV^ktl 


ulJUUlj 
OJUJI yi^JI 


fUj^l 



(j\ VI j-^ljJI 4 -j^jJI (Jj-^JLl ^j_c. 


4 -jvjVI ^MUI (Jj-j>JLl ^J-^.,c. a-jjJ^j <, l~ i V 


(^JljJl>JI ( t I 7)]\ ^JljwI ^JLc JJ-^o C-<_£Lc Jl^Ij CjVj_? e^c O^Lj ^j_C ojLlC 4jvjVI 

.S^JlsJI jj juaJI ^jl^I ^JL^. L*_a ijjjliJIj L*_4 a_uI jluVI L^jULs Jjuall^ jVI ^Mill 

Li! J LjJj A-Lu^ojj (3 4_<i_>ij A-Lluojj (1 

<^>ij Li!j aJL-^o(4 LjJ j a_3j>o aJLluo(2 




N* 


^\ r 


Mr 


Mr 


(4-2) J, ^-v mi 

4j^jV| ^jMUI JAjjjliJIj A-ul JluVI CjUIH 
4j>»jVI ^MUI 3ajjjUJIj a-uIjlILjVI oUUI ^pol^ju-<_ul ^Tt-u-u ^Jj 

( Y / Y ) A^jjo / I A-Lludjj (1 



(5 ”2 ) 3^—>. ni 
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•<ujLU! Ubj^lulJUUIjuVV)&4U* 

uv^m ujuji yi^ji 


Jl^j>iJIj CjLIUI J Jl^_ (j j J L*JI J^pJI CjIj j^uju-^JI CjVj_>Js I £-4 jjJI I Jufc ^ JustlLcaJ 

. I j^*_<_u JLjJLjj (Jj^lII 4j,<y ^—>j (j-uLseJJI ^jjj J^JJ Ls_4 J ^ UL^O 4pj (J^=3 ^ 

(Y / A ) LuJ j / S-^jjo 4-Ljudjj (2 





4_uL^3usl 4,1 _u^s jltl £)J3 Jjt->iJ 4_3^eJj| JjpJ jLaj 4_Li_jj JiJ ljJI CjV£-3 4-Lluo^IlJI £ Jufc ^ Jiitlu-uJ 

4_^eJJI ^j-u^»4 cjLm^l^nU IjL-tuc ^U»j LUjJI aJL^j j 3-^33 c (J^p^nil c^L^*^ I jL^tTu-uI 

. (J^>JLlj aj 4_pw Ll!I JL*JI jl^j>JI a-p^Lj 


( A / A ) Int j / In] j aJLlu3jj (3 



c d} 

(7-2) J ^-> m< 
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Ul&l Sjb'jJI 


ulJUUIj uWl^U 
OJUJI yi^J) 


fUj^l 



j*—»1 CjLILH JJi£. 1 _^_l 3 j|jj*j 0 _l^ ^ ^ 4- / I,! v ^ tl CjI J Zju-l^zoJ I Cj^/jj>JLI 4-L-uj3^jJI 0 Jl& ^Ju?tIu_uJ 

. 4j>* e^i A A LjJ Ju JjJlGjijJ I JlIc 4-41 JlifclL-u I N ^J-LLO ^n] I £yA £^jJ I I Jufcj 

( A / Y ) 4_4^>*j / lnij LLu-o jj (4 


■*> 


c 








J* 

(. 


'- (-■ J \ 

3 0 — 

-I . .f-S“-“ *' 

i_3 y 


sii ■ ; '■ 


(8-2) m« 

JGjJI lLd j) CjLjL^J JlIc Jl^j>J I L—>11^>^4 (Jl-4J>* Vl j, *—> 1^-4 JlIc aIjlus jl]| 0 Jub ^ JuitJj-aJ 

( Y a #tl ) ^ J A/^lj A ^ 

* 

J^jJI 2— Luj^^d 120 LkjjJb ^jIj j^VIj 4_^j cl^ 3 ^6"^ dr^ Ui ^J (1 
(jl du_p- ( 4 jvjJI j^. = J^_>. (j^ Jj-^^JI (2 

,4jvjJI Jl^_>. . l/3 = J^Jk]| Ji^j*. 

4_^-jJI jLu - J^JkJI jLd (3 

£_Jj^jJI 4 JLvj^ 4 4_)l Juj JjjjJI 4JL>wj^4 4_>1_£J Jlj£. 44.tl Cj[ a Cj^aJ_u-o^ itl £ Jufc ^jLStJj-aJ (4 

.^)J ^JG. L^Jl 4 (Jj <«^*>rt| 4-jjl L^4^ ^ m I ^"l < it o \ t 

Ji4 jvj j-tJ G C-<j>iJ CjLili I jJ ell! Jj 4_4J?cJj I aJLluo jj CjLdlJL I 4-L4 J-Sj (5 

.oUUI (^ic. cLaJL-ail Jl^j>JI JI -L2_4J J[^Jl 1I 4 J 4*~> 4J JjJ^ 

. LjJ jJI 4 -Lu^3 JJ 4-4 Ju^jj-ilI, I lLUj ( J^* ( 4-4_>0 / 4-4J>d ) 4_Lu^Ilil Cj^jj>JLI 4_4JL^dlJ JGj (6 


( A LUjJl ) 4 -LjU3JJ CjL^U 3 IJ^4 ^jfej 

. 3j^lL^> J oj. i J^-1 CjIjLu J I 4j>.L>J| 4_1L>» LjJ jJI 4-Lluo jj ^ Jiitl d-uJ ( 1 

.4_^jJI Jl^_>- - J^JkJI Jl^_^ I LjJ jJ! 4-Lllo CjL n I j-4 ^j _4 (2 
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•<UJLU! 


ulJUUIj 
uJLUt ui^JI 


fUj^l 


jLu . _ daj>iJI jLu ^jj)^—> j LjJjJI 4_1 _u-o jj (3 

.JuJ^Hll CjIa JlIc CjLLaj?e-^J 4_u|juj^l CjLiill 2 LjJjJI A-Lluo^ jL^tTu-u 3(4 

juUUfcwVt 

. (J-SJJI JLiJjlJI CjLLzl*^ JlIc CIjLLl^c^ A_ Cj^/jj>JLI ^Ju?tIu_aJ (1 

. c_3Jl$J J-SJJI AjL^J JlIc jAfl> J( oLLa_?t4 A-1J>IUI CjVJ->JsI ^ jJ^IlcoJ (2 

L^Lj 



(8-2) m« 


j o^ =3uC ^3 4 ^ jLup ^jj ^LL^0 jJI ^jL-oJI > m<H ^_u 

. ^JL L^_l2 a^Ljjh^=JI 



(9-2) m« 
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Ul&l Sjb'jJI 
uV^ktl 


ulJUUlj 
OJUJI yi^J) 


fUj^l 



: duuSjj 


((^jjllt! ) ( ^j!jUj^I ) Ji.jJI Sj^j!j (jaj i^jluLa >j lj lJiJL^ c-^apj 


: J*aJI 4Jj£ 

^ulj-SJI (J^ 3 iSj-^ (Jj-5ta jjfc Jj ^j| jJI (J^->Js I jLlIc.1 <M V 

J-&J (Jjj>iJJ Jj^j>iJ 4_u_aJ l^,<wfrfj 4 jvjJ| Cu2ll M(1 


U1 / U2 = N1 / N2 = 12 / II = a 

jl^^U j~ 4.44 f • (J)j • N \ - 

^>J! j^U 2 = 4.44 f • <j>2 • ^2- 


: 4jUL I ^ujI 

I j is> ~>JI V Jliil ^J-u-t.u ^JLc. L^-Lc A-xjLjj, tt CjI ajj tVitl £jjq JuJulJI £— ^j| jJI ^JuitlL-uJ 

. AjjL^I CjL= jj><\\ (J-t-i-tTaJ $. Ju JlI^. (1 

. 4_)JuJu>JI <>iJL^3L' a 11 j CJIj IJa-SJLl ^>J I CjL^djj?c-4 (2 

. a <>vjf 4 _jl3j J IjJs I 4JL>0 A- prtll11 4j*.4_u^LjJI CjL^d^>J ll A_ (3 

. 220/380 KV cA^iA 4- (4 

. J-^L*JLLj jl^j>iJI 'kjzg. I^JL a^IjJI cjVjj>J*I (5 


( 4_4 (Jiitlu-u I 4,1 4 C- AJjJ^J — duuL^zojI) ) O 


^LulluV^w: Uulj 

: U^> ^Lmi! cjV ii-S-ij 

I (1 

jLuJI (2 

1 >4 ^ / a 3 — ° ll ^ ^ 
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Ul&l Sjb'jJI 
uV^ktl 


ulJUUlj 
OJUJI yi^J) 


fUj^l 



: jLuJIuV^m -": 



( 10-2 ) J^=ui 

t £jjQ jj*~hmj JlIIj jLuJI Bj^jv. Lj jLpJ! CjVj m*—jJ 3 ( 1 0-2 ) mJI ^j-LxJ 

: 4 

4 -<i] j_a Ljj*—> a ^jI JujVI L-iltl 4 _l 3 j £jLp ^j-uLajS jljJJ daj>iJI £-4 JIjIlILj ^jI JlljI c a 1 a (1 

. JULi^ZD J Ip °\ i ^\J diL_U ^~~P 1 jl B 

. ^j-uLlSJI jL^j>o Jx^albj j> <♦ <^> />j U^i dJLL_u CjIj CjUUI JJlC. ^jIL>lJ ^jjIj cJiLo (^2 

. l-SjAIXI ^j-Bil l- x . 1^ 

: (J-$jl!I ajjJ^j 

o^L^JI jL^jxj cJiill jLu j I] x>jLu c_jL_ojv jI jJLI J IjIxJLj ^1 jluVI *. dUl (J-u-ojlu 

4 j 9 ^L*JLj IJ C-J Lt-cL>» j 

. I 2 II = (N 2 / Nl) 


lil dJJjJ j (^jjLfxJI lJiUI j_4 jwjluu jLuJI jl_3 Bj^aLx^o j_uLl2JI j 1 ^^ 4_4jUL<3 IjJ^Jj 

^jjIUI Bj^jI.2 J j—*-<-j1 j-uL j_^ jl^ < )L<-(-uV 1 o~^ 4 —t i Mt Bj^IjJL >1.IwXjj^ 1 x Mil ji f 0 -> 

^(j-jt-L>ti! < _JLaJl ^ < <t jI^ LJulI 1 JUtL^U ^ tjjlptl j^xjlJIj ^LajjVI ^jjUlII Bj*j|j 

BjIjj>JI 4_>j J £^Lijj^ BjLjI jLuJ ( daj>«it jLu ) 4 _<_uLxj3 c_j jJLLaJLl jLuJI (Jjj>iJ l-u-u-oJ ^jJj JlII^J 

. (jL-cljVI ^- clc *. £. lj.jp,c-<-Lx-t<jj c tf.Ul JlUJljj (^Jjlill l-SIj^Ld! (JV ^Lajjlj 

t ^1 Jl^lljuVI 

jl^j>J I oli j^IjjJI £— jLUl ^jjj Lx-S-! j-t * i 1 ^jJLl cj!j jLpJl ^j-uLx^ Bj.^^>»T jLpJl ^ jl^&Il<-oj 

. JUJI 
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Ul&l Sjb'jJI 
uV^ktl 


ulJUUlj 
OJUJI yi^J) 


fUj^l 



: JL^I uV^w jg$ 



yfs 7 

*© 

3 



T 


/V . ^ 

u 

—± 




(11 -2 ) t mi 

: 4jL^ljj ^oIj^aIL-uI ^^=3uuA\ ^_lj 

: 4 

. TV/ CjLaJ JJlC 4_Jj (^jl jUJI L:r ic. £ J \jX I jJu^lUj J-*-^jj ^\ JujI lJjJLc ( 1 

. N 2 CjLi] JJlC 4Jj x/LlSJI ji^:>o Jjt^alb (^jjIj lJiLo (2 

. 1 MU 4.^1^ dcpj (^juju^ c-JLs (3 

: ijJLUl a^>UJI ljLu> 

Ui = ( Ni / N 2 ) U 2 

t 4JUx 

cJliil *y> AJ t^\ JluVI cJliiLj ^ i a^ito Lci-^J J_jJjj l.*—> I (JJ^e-4 BwX^Djlj 

jl^JI juu uj-A jjli]l cJiiil Bj*jIJ J^JLij ^j_uLl2J1 jL^_^ l jjw| 1 4 _l 3 I ^Jjlin 

. Jju^ll A $2* c_jL_cl>- 4_LjL_o]| 4j9^L*JI 


t ^ JL^Luj^ ' ' 

CjV£>£■ c_iiHj>i_3 V (jr^3 c 4-<-uL^ (Jj-A J) 11 j JuL^a 11 ^ ^ 1 I CjV^ jLStlu-aJ 

. oj-LSLjun Bjj Jl^ CjIj AJj2bj 0-0* ^j-A BjJljJI 
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itubj^&f uVjJttl uJUUl i rimtl ^bj^&il 


a-uLj^ t tl ^IjjI j^djI - 2 

4^jJI (Jjj>JLl ^u-ojJI “3 

4-^jVl Jjj>«JLI (J-u^o jj J>jL j^dj! “4 

^ j ^1 jlJI (J^_>lXI J_^ j <,^ jj==jj\ _ 5 

S^j-uLlSJI 3j^->.I fljjl “6 
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4bbj^5Jl uVjJttI uJUUl i rimtl ^bj^&il 


yUd^U 




jrfiaijuaiiivi 



ijJjJt_coil A_A_^aJLqJLl 

$ l! <—cjjJuJIj ^iAJI ^LoU 4 _^Ljl]| 4_<_u_t ^j-U 

£L&mi 2 ULJI SjbVI 



uijuaii uWi ^ju« 

j ■'"■■■■t l jLuJI cjVT 



u c_4_jj jjiiij ^jlaJI 4_^l*ji a< n Mij a ^ 3 j^^ 









j*mt jLlQI uVl 


ulJUdij uWl &4U* 
uJLUl 


sbtfSJl 


j^LiX\ jLu:iuVl:^:U:i3Jb>>JI 

. ju&. utU jLpJI cjVu ^LiVI o <hj (jl ♦ djIdftJ! 


: tilJlAtf I 

. J^lcJLl jLuJI SJT 4 ^JLc. UJjJuJLl L-fijJUJ (jl (1 

. j>4iutU jLlill CjVT (.7^ 4-JjJlUI (—SjJUJ (jl (2 

. j, 4 "<■«!>! jLpJI cjVT <-jjjCiJLl l-^jjuj (jl (3 

jLpJI cjVT SJT (j-^t^JLc. c-jjjuJLl lJ&jjuj ^j! (4 

. Z90 4-LcuJb Sjl JL>J| (jLSjl L-JjjOXI f !i5t! 


oUL 7 

jLuJI CjW A-L5tJjLdjIL]| JJjLaJI (^jJLlI! (jIsdjjlJI jL^>- ”1 

.4_L4^Iaj 41 j< <<5^=3 ^JUjtJI (j-* J^TlcoXI jLuJI CjVT *|j^| ^jiaju “2 


uLlU^u 

jLHI CjVT j j 4 4 ^jjl4 c-x 
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uvi 


ulJUdlj uWl &4U* 
OJUJI 


fUj^l 


:A*JLi* 

LlUjL^D J J^4 Il<-llI> 1 jLpJI Cj I jJ ^A ^Lolx. 4-J-4^.J jLpJI d)V I 4_<_ulj J JJ 3 Jl>*J l I JL& L-3 Jl^J 

. Li* ^^Iu-uJL I j LUI Cj 1 

JlII J A^lkJ! ^ -X j 1»-X a A-JojLjJI j- L> / \I ^yA j^Lt-aX I jLuJI 4 JI jwpjLJ J 

J<lS» jI jJ_uiLa_4) J Ull L& c_jjL?tjJI aJLljjJL-li c-<jL^d j ^j l ^ ^ *—» 11 jjL^ n! I ju jo* j^^Ld 

4_uIjj> ^,^—ni II 4_<_U jJyJ I j^Tu-uJLI jLuJI 4 JI (JjJw jJ UI L-x-uoJI ^-<_uL?eJj| C-c^Iul 

.SjLjVI Jo (jJus~la) jJLo JjI^lIjlLI 

A^LLo J I 4 j *—hi j] 1 *—m j t> \ AjblloJI aj_Sj) jJ j q *—> I ( j r i^. L^Jj Ju3 ^-glt-ioX 1 jLxIlJl aJT Lc J 

J I 4_uLjj^^dJI A^LLJ! Jj^J-Sj) ciJj^- 4 J^ti! c_lU J^zo j {ju£juu±a j jLu j £—. 4_uLij^^D 


.( Ji-uLa 


iM < 


JJLtl/ <"<' ^ A^U 


c pJI J J JSjJI ^yh.1 J jLUL JljJ jJI <j3_J L-l-U-UJ A-*_^ulJ Sj^-COJ J^ILcilX 1 jLpJI JlJ ^A < ">rj J J 

CjIL c| 4-Lc 4-uj^SJI Aj JiitJ ( j r ic. ^^lu-oil jLpil JlI ^a J$»C j> I j LjI jjjju 

J ^-<_u I jJ I 4-Cj^^oJ | f^g J LA J ^j^l! I J 4_C.^_<_cJ 1 jwUtJ Cj l^_L^-4 C-u-U-uJ L^JlC. ^ lC-V 1 Clx-llcv I Jui3 I J LuJ I 

. L^_l 3 tl c_JJ-L^-ul 
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uvi 


ulJUdlj uWl &4U* 
OJUJI 




jAaijuaiiiitf 

tjuTmttjLuJI JuJjJ ijUa 

Ju JlII cJiill jLuJl ^L>ol £)I Joijj / njt^l I» ^ lJlLg 4-La-<-ul j^I'l^llX I j LuJI JuJ jj ^£a 

.c-jit 4 -LbcuJL j cJiiil £jJdj (jr^* L '^S\l Lf* J 1 /♦ A ^v\ jU>^ 



(1 3)j ^-n ^ 


Cuj>ij cJiiil £jj$ ( 3 ) l_-<jL>iJI (jl^—> liUa (b) l_-<jL>iJI j (3) l_-<jL>iJI ^jLjjL>* 4J ^j )*—hm cJiiil ^jl £>^9 

l_-<jL>iJI (c tfUl ^j -4 ^jL>») Lo-j^o >j jLxHJ! 1 ,(.la.SJI Cxj>«j (b) l_-<jL>iJI J UAJI L-tla-SJI 

.(b) <. tf.m ( c (j j (3) 

l-xU.S. tl Cxj>iJ ( 3 ) l_-<jL>iJI j c-xla-SJI C-01J (b) c tf.UI 1 j c Mil oL)J-^ ^ lij. J 

i j r A jl>. jLp ^JLc £ LJL-u (3) l_xjL>iJI Ll>»( b) l_-<jL>iJI jLp -51 ^j 

I 4JLj_>ijj ^jUJI jjpJLl jLpJ! jlj_>. 3U ciJUjj jLp^nJI j_c^ju 1"Jjl-llioj 4 jL^ ^juk 


>L>ijVI 


Ju*.J ^wcTliil/C jl 


t^la^dU 

jl jJjJJ 1,dJJ jJj jl jJj > (J_^jlj j^^IlxxLil jLuJI aJT <j| ^ 

t^Jj L<l-L3 L-jUL^=Z 3jH 11 <*—Jw<^1lxll 1 1 jLuJI CjVT (4-J LiLlLo ) 
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uvi 


ulJUdlj uWl &4U* 
OJUJI 




Jl 2 J j, 5 p 

: 4_uV1 4_n_uL_u Vl clJJV^I £jja ^-^Tu-uJ. I JjLpJI 5JT ‘ - 'J"' ' 

: ( Jlu.uJI jriiafi) ujUII jmuJI x VjI 

: !^ya CjjliiJI !><«tl ^— 1 ~i' 

J^ 3 ^' “t 

^jl ^"1 lil L^-C. \j-.LXJu£> JjLJ>0 L^-4 A-U-tuls LliJLl 4jjLll]| ^cljUC J> (^"1 t cjJ^-.U-AL II (-JL^JI 

: I 2 JljL^ j ^ j <: —»j ^ 1 ^—> j 11 4 -l^> I jLlLc_> 4 jI 1 ^ <: —» I Ju JoJ I 

.(JjAjOJQ AjjLiI^. aJL^oj 3 ^ <-LaJj vH -4 L<_u_ 4 A La * ««1 4 _j Cu-lIj ^iJI A j * L*JU c_jLL^V( — 1 

.c-jLU-0>U A j < < m to LjjlX 1 aJU-^=lj ”2 

: ^uuLmai cjLLaiv'vii “c-j 

aJjjjlU o-* l 7 j — => j^ d a j, njUl;; * c_jLL^I 3^- 2 jLlc ^-^3 

L^JU ^luJs I j Lu ^_tlu LlI I ^■u-oj-Ld Lli-i I jjuJ I j Ajj 1 jl^C, Cj I j LuJ I L^JU 3 ^- 

C-JLSJI (Jj^ c h\") ^ A_ulj^JI ojJuJI HU 1 JLjJll ^Ltolul j jjj^a (J^k-uJ c-xla-SJI £.1 Ju>iJ ^11 

J Ji-Vn I Jlo* '^3J-*- a CjLaJLc L^^JLc cJiIj 2j^=lj m< j c-jLL^VI CjLiLo (^JuJl>JI 

\ .Lijj-L>. fU I Li^LjlLc 1 J ( (mI^LlLc VL?e^ ^ V> *'] CU-J->o ^ l^lll ^JLc. L^-<Ajlj L—> Ull 1 



(2 3 )J ^-n ^ 

:( ^LuiwVI) JJIJLTI 4*xi\ LutJ 

erl^ Ljj ajjLu^cVI cjIjLuJI J-JLSjJ c__JL^JI 3^ ^jL^j 3A j »!1 I ju^ 3] 

A-?e_pJ Cj^Ll^ jJsLj > tl jLuJI jJ y3l j LjJ^C. Juu A-l<_li L^eJj I Cj^Ll^ jJsl jJ jL?EjC ^j>-j1_>iJ I L^La_pt^c 

jLu ^jt ^jLcJI jLuJI ( 33 ^~~^ 1 j a_u_u_jIo Lcii I (. - A UosVl j ^ ♦ 11 Ijla 
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uVl 


ulJUdij uWl $*Ua 
uJUJlui^aJI 





(_£ jJI ^_aVl I Jl>- 4JLl 3.} t ' 1 tVi' liJLl jj < _'' U«SM Ji^JlJ ^lH-LLi-uVI J u^C (jl l 'j ‘—-~| *N 1 ^ ^ 



(3 -3)Ji=Lui 


: (1 )JU^$UI UlO 

J C-c_U L^D-jJ* I Jos 0 jL$_J LgjUSSU i j r C. 4_U_uL> 0 £_Li_3 ^yA 4-j|IJ-Ls-t-J I J^p*J<-ll J <>»r. 

j-<Ac. BJuL^ j oLaJLc £_<o CjLcLL^-SJI ^Jufe J<^Vn j ^luJLl 0L2JL0 JJulJ LjLctuc £ Jufc JJlC 


jLxj J I 4JLjJ_>iJ ^| JJpJLl jLUl Jlj_>-JJ J_& jLpJlJI 



(4 3 )(J^HL /~U 


: ^J>b>jSJill: U*b 

C-c A X I | C- 4 .XJ 4 lo mi IJl$ I JLc. Cu-pJ^ ^ I LseJj I ^ I I <j^—nJ I ^ 

j ^Lj a / nlL^JLi 1 » <>»j (j| ^jJLj dJJjllj Jt_pjltl j juaju (JLl^jVI 4_*^j|j ^j^^=d2 0_pnJ JcL*. 

4_UJ Jj>*—»11 I 0 JlJ a j JuSjJ I C-xI^sTl! JljJS. pil I J 1/>C. ^ / n 1 L_b LclLa L^Ili I jela^u J^zdlJ £j I 


.^jUkJI BjUl Jl gluILcoXI jLuJI JluoJ (jr^ 



(5 3)J *^-i 
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uvi 


ulJUdlj uWl &4U* 
OJUJI 




: jLujLfcll jlf UaaJI : Ubli- 

i^yQ 4jjL luTla jLajI ^Jlc. 4 <\ k a -»- j j ^lill j_JJij j j_i_44 t-». >. 1 jUaVI (jLLuj Lg-Aj 

tjlj^=j ju9 1_4-A_5 glUl jji <ic. I ^^jUI l. h j 1 ^~~ i " (_yic. tjLujl^Jl jjl^LLajti! ^ t_)LLa^Vl 

•<_r4 Lr J - u ^J^ => J* S-^" Lr^'j-^ 3 


: (ub I^UI 2ub) bjjJI LoLw 

(AjjjjJ!) cjLL^III a_l!Lc. <j,\ JajjJI is-jJ ^! a j injt^LuLU cj Lilil (j)\ j f^\ 4_L^>jJLl cjLjL^III i_i>j 

1 (_yic- ^-AUi (jl^—1 a 4 1^—i^_a 


tj oTmtljLUl >UJ>»: Vjl 


{dl^tbuSp 


. 4 A \ 


LJI 


(JOUL) 


:JJ^I 


4_jLb 4-u At-xl^LlLc 4 j^L_u j-4 IjJ)) 4 j| ^JLc <j (^JlJI ^jjj1j 9 J-s-C- 

4jj Ij Lc JlLc. Lo j-l^=d I l^U-^ ^LlJlu-liVIj ( E. IT1. f ) 4 _ijLj j, £ *—> 24j jJ 


□ 



Brush 

with Positive 
Charge 


Armature Movement 


North Pole on Magnet 
South Pole on Magnet 


Brush with 
Negative 
Charge 


(6 3 )(3^z3l t~u 


.((^L>^ 90 ^2l\ 


lJiJLc 1 o ^ in lLSjj^u J U^Jj ( <nt^L(JLa IJ < toj < a) jLxj JlJ j-a mlII ^ 


J_4^C jLUl ( jLp^^HJI JuU2£.) 4_U_uL>iJ 4j|J Ml I ^Cl tS> \ s j t^l"( A (^LlJlH-U^I 

.((J-<3^>«-50 4_0^jL>iJI 2j^I jJI I J LjJLj J 4 U, / a 1 
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j^Tdill jLllJI uV) QJUlU i jtmtl 



: ^LlluuVI j*a£ Jjtd Jj 


: AdJjJU 

^j-4 (J j-^zzhZj (JL>JU I J-& J ^-j-lU CjLaJLiJ jLu ^I/Lj i u^iIoLul^ (JL?e^ jJ^j-C. ^jLlSI j^jLjJI jJb 

c A t^SM a si />»^ ^j^VI j 3 jl^LaILc J^i u^- L j^ =D J' * 



^LlZLi-jVl j i nf Jj 

(7 — 3 )(_j.^=3_tiu 
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uvi 


ulJUdlj uWl £:L* 
£JUJI 


*b>£Jt 


-2 

-3 

-4 


■t U ♦ />>tl A_ LU L t i t n \ [j^j^ A ) < << ) 1/N1 / ♦ 1^ | J 

.cLcU^jjI 4jJ_21lJ J Lt L^ V I (JL>JLl L-3lj^>ij| L— /-Lt-i-iJ 
.3ijl^ulu JljJJJ L-u—t-f-uj Lx-4 Jlo* 3 HI A^it<^C- £— c_ <,c,llLa 4, ic. Ltluj 
BL>ijI A_ ( (X) 4jjIj*j JuJu>JI tijloLuLXI 2 ij-<aj>iJI ^jlu_cuc JJ 1 ^jL^za ^ cJLj^o i_<_u.uj 

.cjI^djj>JLI 4 (n^ic j cjI jJ jJLl jJI 

: £LuluVI >ua£ JjiS ^^0 3j^ 

.c_j1 Io 4j Ju*. I J CjLiLc JU*2u_u| “ 1 

. jLpJlJI 4-JU-C ^j-t, ll>iJ j c >UlL ^0 ci ^ 3 3 JlcL-cuc c-jLLa^ I J-^-C 

.4 j< mjIoIjJlXI i^jLSJLl 3 jLjJ c-jLL^VI jL^c 
Cj LU I 1 e-jLLa^Vl ^-juuz j 4-j T ^jju Ijufc^ 4 _uIjJI BjJtllJl j> « « 

.^LlTu^/Vl j <>»r JjlS JjJLSj JJ j L^4 ^LlTl^VI 

:j^LaijLul! i 

'.(JJ ^ il UaVI AjJuu C—i^>- (j-a diljJJtl |<uji 2 jj 

:( ^ lu^l) (^Jl JJI j^daLum ij j JU^ll -1 


-2 

-3 

-4 



E - V + I a R a + V b ; iU-tfj I a - II • 

^jJI cJLuaJI qj * (^j-uj^iill £ I Ju>. mi J^.) Jl J (j-ojl^Lii-a J-ll I Jl& c_jLL^ I jj^aj J 

l2j I j Lj_<_aJ I j (jl^eJ I) ^uLlSJI 3J^j>» 1 ^jJJI I Jufc J^ClluJ J ^LjJs LUj 4 j ( ((jI^LulU-J < to 

. ( 4j>- I j jJ I ^cLLj j) cjLJjjJI ^ JjL>*VI cj W 4_4j^U1 3j^JuJI cjIjl>-V 
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j*mt jLlQI uVl 


ulJUdij uWl &4U* 
uJLUl 




: ^ubj^SJl^UfaL^LuU) uLlaJtft uti ulJLl^il -u 

: Lufe (ji-c. jj JI ^<u ai-S-Ijj 

: (i-L^jUJI) 415^< miU ajjJuJI ji jJjJLl “1 



n • ^ * n • 


(9 3)j ^-n ^ 


E - V + I a R a + V b : dltej la - II * 

^ Jl^eTh-oJ J ((^ JljlU) ^>*T^^lu-tuc jLp jJ j-4 j I 4 jj 1j^—> ^jLj J4*~> C_jLLa^^M 4J Jjlj ^UJ J 

.4_ijL jj,^ 11 j-SJI cijLL^ jj^lil jLuJ! cjI jJ^ jlSl-o ajjuu j a-u-dIjjJ1 I I jl& 



<Jjl3 Jij J-JLSjJ dJUj j CjLiLo _i4-!L>* jJfc ( 1 ) <j| 4-0 *jL>iJI jJkJI ^-c^c-Lc Jl>oj 

CjLiLa Jijjvj ^ JlC 4 JL 2 *. A_ j^^ (2) ^JLstlU LcI < ^IILlL_uVI j <>»r 

:4l^bU 

.l!I Jl! jJLl (jr^* c-jLLa^VI jLU 4_t_uIlJI jLu Ju^jju V ^jJJl I J_& ^_ 
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uvi 


ulJUdlj uWl £:L* 
£JUJI 


*b>£Jt 


: 4 -.,„flitl LuljJI Sjjiilll jj jJ^il -2 

j^yJZ 4_lS_lL<3 4_U_u_jIo LuLa 4_J J^ZOlJ (J I 4_JL<3 L>J | Jw^LiU-l I J LuJ I jJjJ* I I JL& C_J LLi£ I ^ Juu3 

*Cr^ c3j^ CjMi-i Aj JutjJI ^33 j cj~a j^| 

jJ ^ ju^ j J l^llJlj c-jLL^VI cjLiJLc ^3 - 1 

•l5L3^jl! ja j aJUJI o jub { ^j^ju±^ j ^llil (^jl^3JL c-jLL^^I oLiLc ^3 — t_j 

£ Jufc A_ ^- 4 -j-aJj 4_*_<a (^j I jjJ Lj jJs-VI ^j^>J I j ^-luJs I J I j3J L> c_j LL^V I Cj LiLa ,j_4 ^3 


jJjJLL aJL>iJI 


: 4^1^11! JLJfatVyi 

dJLI Ju j 4_o*j UkJ I BjJa I jJ I j ^3JJLI Cj LiLa £-A Ji I^jJ Lj c - A I Cj LiLa j Jt^a33 Cj I jJjJL I {j-a £jJJ I I Jl& ^_ 

j- <d ♦ L> 3 ,a ^uL?eJj| dJUL-u £—Lt-^3 L^jp3 LiJJjlj^ (.-ji L^iVl CjLiLa ^yC. ^JJ £jL>JI jLuJI 

I Jufc ^JU2> JJ J J-JLs 43l_3J J JlCJ 



1 


jftjtrtVi 


(11 “3 )J ^-» M l 

: ^ l^D 1 Jj>« J)jJa ^ * &>£ i (til • a • 3) cju £a}U)) 

1- I a = II -.b\^ J-*-=*>-!l = jLu - 1 

(jjoij-aJI 4_«jlJLa+ (t_jLLa^Vl CjLiLa)^[^ILll 4_ajl_ia + ^TclU ixjLLa) ^Tu-jl jLp + >lajtxiaJI = <jJo..(3 - 2 

2- E.m.f = U + I a (R a + R s + Rb) •• u! ^ 

: 4 ]r\ Mt IJ Ijl] I JlJ^ j Io <3 1 j^=j^j 

li-ll ^JL>JLl) <. 7 jlt^^Vl jLu ^\^—»^t3-U ujLL^-sVl CjLlLa £-A I j3JLj L3_c ^3 1 

.^3JJJ 1»/>vtl 11 -2 

. Lc. .^-Lcu 
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j^Tdill jLllJI uV) QJUlU i jtmtl 



* JI$UI JJ>* 

jls LUI i V> j t^\\ J jLjl ^yA J^3 ^j-uLlSjJ 4 \~t V A JU^. Lj 4JLi^J>iJ J Jjlll jJ ^-A JLc. <—^J^LlU 

( 4 _l>*j 1 _>J I I j_>J I) ^-L^e-Lc (^a-lmJ ^JlssJLo ( j r ic. ic.^g-uJ I Cj Lu JlIc 



: J JJ-t I J-t J-A {jf£> I jaL I I Jufc 

* 

.^mjuaJLl LjjL<_ tuc Jaj>iJI jLu LcuJ (^jJI j 4_uJHJI jLu j^olj 4u%. n^ SjuIjJI j 1 L>»^Lulj V — 1 
c. /-Lt-oJ efJJ J j 4_>*JoLo SjU I jJ I Lc JlLc ^LLlL_u VI jju^C. JJs I J^. I oj-t-*-u2> 4-lL^J — 2 

. J-L*_iuJ OjwC jiwT C-jLL^S^! 2— 4 j 7) u U 4 j ( <mI^LulXI 

Jjl3 Jij Ju J CU-j_>- (_jLk£)>U £_uiuJI 4_Lau2J JJ 4u_La_>. 3 jLj I jLu 3jLjj daJu-aaJI JlJj “3 

jLuJI jlj I jJ ujLLa^Vl 4 _u_u_jIo [jJla 4-JIjJ J^. (J-^-*^ ^Jlll J ^LulL_uVI 

J 4 J < aj , io ljjL^ J J Jj| jJI U-t-U-oJ J JlZLggVl J i^>,C- JjL^ 2)J 4_3 -l 2 £ JuX. jJJj jJI J-& 

. JaL^aJI ^yA (2.5 JJ 2) J^J>iJl I J-& 


a ^ Aj^Tu-il/C 4_<Lu2J 4JLuu>iJ ^ ?■ JjU OlJ. t a A jJ ^A^D ^Ju?fcIu_gJ 

.^Lj^^zaJL) ±yd^\ CjLL^. 4- f k Ju^TlihJ 

^uLuaJU SjLjj 

• 4jJUJl>JI ‘ s \^—> ■ -tl jJ^jlLiuU 


-1 

-2 

-3 

-4 
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j^Tdill jLllJI uV) QJUlU i jtmtl 



Jift; LuLj 


ui <S' 4-l^jL>J I 2j*jI jJI j CjLiLc £-a ^jl ^HJLj c_j1 CjLiLo J CjI jJjJLl ^jJJI I Jufe ^_ 

j c-jLLa-s^l cjLiLo 2— I j (J-<^>l]0 4-^vjL>«JI jJI j^c-j Jl ^u-clSJj 


4jLiJ 


i d x b. A A Aj^LlxuC dJUL_u 


l^yA ^-dUuaJ 


liiljj 



(13 -3)j^=ui 

i(|5l$Ill JL)>«^jJa (jifi (d.J-3) |^u32}WI 

.(_£j!jHJ! CjLILj 4-uJj jLu + jLu — gill I jLu 1 

la = Il+If 

4_4jGL<3 + CjLiLa 4_^jL_S_^) jLu + dajLjuaJI — ciJ . “2 

E.m.f = U + I a (R a + Rb) 


: 1 ^ 31^111 JJ$A laii* fi&jj 

oj-uCla a I Jl^cTli-u L) cJJ (cjUaaVOA-j^UI j Lu p ^—■ **■**< 11 4 t-> < -Ijj (_£jll^HJI jJ^/a <t~.ii>. ^ j t> <" 

t _>1 Ua*SM CjLiLa £^a ^JjUlL) (Jj-a jj 
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uvi 


ulJUdlj uWl &4U* 
OJUJI 


fUj^l 




: J-!jJ I IJ-& Iji. ^TuTlx-ciJ 4J_c (_£j IjUJ I jJjJ Ij_>J I ^ jl^jla jj VI ui, 





.J- W fe T JI ^ JlC JlIc jJ jJJ J^> * j \f ~~~ 1 1 (JJ) — 1 

^HiU CjLiLa A_ 1 » <>vtl Jo L--<-u-aJ dJLt J j J-<3 j>JI jLu jlj 1 ^J^j>J( A_jJo JaJLuaJ) JJLi “2 

JlIc CIcjLj 1♦ <>» |j jJjJI I Ju^jwlIju j ^LlZu_uVI j i'^c. JjlS ->ji 

J**il 

.y a i^i II Jl jLaJI j i t~i«i^>ll i t~i < jLu 4_t^. jlj I jl ^ jJI jLaJI 4-c^ (jr ji 

: ^ 31 ^ 1 ) |JL)^» ^ I JkAlw I 

:^_ J-jr" t mJ 4jLj C-uLj jJjII I Jufc iLaiuia (j Jlij 
.CjLjjLLa_JI — 2 ^ ‘—-~i 4 _uL)j^^3lII ^^1 CjLLa^td — 1 

.S^jLjVI -4 .(jjL*JLI «. jUs CjI jl or -3 


- 35 - 



























j^Tdill jLllJI uV) QJUlU i jtmtl 



:u£jil Jj^tl: UILj 


2 — Jl_^j>JI ^LojjI A-i-uo Uo ^LalijVI ^uj CU_l>. c_J jII-lU Millj Jl^j>JI AjjI j_a fUJ CjI jJjil ^j-a ^-jjJI I Jufc ^_ 

.(^jljUJI jJ j_a J-^>iJI 2 jLjj jlIc lL^jj^JI I 4JL_a j 4 2 jLjj IjiLJI jJ j-a 

'(^Sb CjLiiil (jL ^.jj jJjil I Jufc c_jLL^I ^JLc. Jjvjj j 


JLj^JLI ^U<J ^J-JI (jr-^ J £iljJll 


.(^jljUJI CjLiia ^a-<-uJj jJj-^JJ ^j-ujjjJI 

.^JjHI CjLjJLc ^_4_<_ujj ^liilI £_a JljUL J_x^o jj j jwJu^o L^jLaJ JJl C. j jii^D L^Jtla...3..a A_>-L<_tuc diLaJLc “2 


1 kX-& (jj L$jlj-til oULj (^L>ijI i^yu uU ^_) jj'je 1 j (VL^a ^jjj JIjjJ! l—>U.U cxjL^d IjI ♦$♦ 

: I 4 <n <m 7n u$j j La 1 Jl^eTu-u I j~^—> VI jjfc £jjJI I Jlj^j I) ^ a *~> IjJ JlJ jJll 

.t-xfSsjJj Cajkj jJj jSk _(jlu-u_a) l- t^Dj-a jjj-a_ l-x^sjJL! JSj^ Jllj-a 

^jl J__l3 (^j(j_jJI CjLrfiLa <JL?ta G>L>J ^_) jLuaj L^j_^Lue_a VL?ta ^jJj JIjjJI CjLiia C-<jL^d IjJ ♦*♦ 


.4jl&\J>* aJLJ_£) CjVLs. £— VI Jl^t" 1 Mj V £-J_iJI I jufcj ( _ y jULi>0 t- , ‘~~~'J A jJj-l! I ju& 

:^l uLiU uSjil JJjJt ft* -J 

ijn^JiuSjliJjjli -I 

(JT ic. CjLaJLa ^a L*_a j (__£jl £-a (__£jl3JI CjLaJLa 4_t3 ^ 

CjLiia 4-J^P ^! l5* ‘ 



(15 ~3)J^-. A 


- 36 - 





























uvi 


ulJUdlj uWl £:L* 
£JUJI 


*b>£Jt 


jiu JluSjil J 

.(_£jl^Ull 4_u-(j CjLiLa jLu + J^JI jLu jLu — 1 


L = It +1 


f.sh • 


.Amp 


.^JjIlJI CjLiLj j j ^Hill CjLoLj £— JaJuiaJI dsj-iJfc + JaJuiaJI — lLI . J .Jj - 2 
E.m.f = U + I L .Rf S + I a (R a + R b ).v 

: JJ^ll -u 

^HiU jLp y-^ c J^-H CjLiLo j3JLj ^j^L<-a 3 ^ J JIjIxILj ^3LiIJ JIjjJI <-—iLaJLs <J-t-a jj 4_l 3 j 

> xIlU j j-4 jJb t ^ <: —» lIUjj Jjjlil CjLlLa 



jwi 


(16 -3)j^i 

: JjjialI uSjil JJ>ll JijJj (jiA Jl^zI 13j^ J (^).i-3) 

.(^j I j3JI 4 - u 3j CjLiL< 3 jLu + J-^l jLu — gliXI jLu 1 

Ia=I L + If 

4-3j L3_4 + JIjjJI c-jLLa^l CjLiLa 4_4jGLa + CjLiLa 4_^jliL^) ^Ulll jLu + daJLuaJI — cl] . J >( j “2 

E.m.f = U + I a (R a + Rf s + Rb) 

tuSjjl 

j4h 4- ^-^=u5t3j| 4 lo t dl jj Jot <.otl 2— ^-^=u5t3j (^jIjjJI jJj-4 (JlLa jJjJJ cla.it x^> ^ j lo n ^cuj 

.(^gj Ij3JI CjULs £—4 <J IjHL> J-x-a jj Bj-ijlL< 3 4_ajUL<3 ^ I Jiatlu-u L) l£Ujj (c-jl t^Vl)a j i ZlH 

: ^3bill3 j J JjjJI CjLiJ J JlCJ ^J_LLa jj ci^MixiwLj jJjiJ <j-aljaw cJiillao 

JaJLxiaJI Jl_l 3LLa j ^LlZlljjVI j JjlS Jij <jla jju 4_u 1 'j > 4jl£IJ 3jj3 ^3Jj IjjJI cJiLa £)L^d 131 — 1 

.dxjlj 4-iaJLxa I (jTll^) to ( a JliJ-^ J <^OOf3 LuLb Jo-S-£ ^3jJLl CjLiLc 


- 37 - 


































uvi 


ulJUdlj uWl £:L* 
£JUJI 


fUj^l 


(J i ^^o ju^Llil ^ ^llZu_uVI j J JL ^ Aj Cy * d ^1 'j ^I<Jj cJlLs (jL^D IjJ 2 

<( J-^>iJI jLu oLjj^ 4,U,iu>> uXjJ^J (^1 (^ <;*—>Ij*j) ^3~^ Lr^* 


L*K, 


LOj) 


djJlI c-oij jJJ^,-> tj VL>JLl jL>),j (JL^a ^Iuj JljUJI lJAa ^jL^d lil - 3 


.(J^j>JI jLxj Jo* <«otl J_Sj 



jwlj^ 

(17 


:u£jil JJ 9 IIjfctiii «fl 

: ^_ c-l^djJLI jJjJJ 

j to 111 tl JlJjJJ ^ JustTu- xU : SjLjVI “ 1 

.^-5r to < ntl jJjJsI ^ Jl^_l<-uJ Cl*-LV t djjjjl to \ tl “2 

JI ^-5eJ^_<_uJI Jl! jJJ ^ Jl^&Il<-oJ CC-J->* g.^LtoJI d> 1 j \ o C. “3 

.^L^lilil jJjJLl ^jJ^iIL_uj c^_p* ^L^JJI “4 

jJj-U ^jJ^iIL_uJ 0_p* : A_uI BjjJLtl (J-Sj “5 

:Jj^ll^^^TiTfdtltd .4 .3 )t fl 734^111 

:^<a IjJjJo Lu_uLa jJjII A_ (ciJ .J .Jj) Jl l_-<_<_uLuj 

.E.m.f aN l^N ...r.p.m KjJjJJ ic.^) ^kiil icj^u -1 
. E.m.f a 0 uli ! $l0....wb o^}\ -2 

.E.m.f a P o\j;] P •. jJ^I -3 

.E.m.f aZ o! 1^1 Z ^LizlujVI j<^ r, (_yic. jjlc. -4 

\ j|uUt» 

.(N i 0 <L) ^ya (3^= (_<-t-uLuj ( E.m.f) <ji jL>iJ A_ijL<_aJI J^ljJL]! ^j-A 

E.m.f a N. O.P.Z volts 

2 £lil! CC^A-lo Ci a* I jl j 60 ^U-cl2j A_ N d)i Alii 2) Jl^. (jL^3 12)l-b 

4>JlA JJl£. 1 Jti3j| 4 A (^jljUJI (cjIjLlxuo) j^Ij2) ^ 2) Jl^- c4!-3^W ^ 
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uvi 


ulJUdlj uWl £:L* 
£JUJI 


*b>£Jt 


t4 _Sj1 i nII Aj3>L*JI ^-Lt^aj i A jjljjdl 

E.m.f = CD. Z. N/60x(P/A) volts 

P “ A l(j\ | C_)LL^Vl JJX. (^jL<_t(J JJX. L^L io.ll LidJI (jL^D lit J ♦$► 

A “ 2 : ^jl I 2 (^jL<_t(J (^£jlJ J J^. (j j^=ju Ljj*. cJiiil ^jL^d IjJ j «$♦ 

:(1) JH* 

4-4 jLlLo j I 0.05 4jvLLlL-uI jjAc. 4-4jULo CxjL^s I jLb 60 aTl^-i^ IjLxj ^Utj JI^J jJ j-c 

Bj-SJI L-j-u±^ 1 ciJ^ 220 jJjiJ l.sIj.Io! Lc (J x^alt 11 tj A11 IjL^ 0.03 ^-<_ajIo LliJl I (JL^JLI cjLiLo 

. jJj-U A-ijIjj. v 11 Ajl^IjJI 


60 A 



E.M.F = U + I a (Ra+R s ) 

= 220 + 60 (0.05 + 0.03) 

= 220 + 60(0.08) 

= 220 + 4.8 = 224.8 V 

:(2)JLw 

^IuJ.1 Cj^Luas^xs JJlC. I jU3 N — 1 500 P.p.lTI 4X.j_t.uJ 4j>-IT ulli-u 1 j jjJj t il t-> A1 4jkJjl J j JlJj^ 

:<_< t n->-l $ — 0.05 wb <_uLa^ ^J*-—»J u » i« 11 jjjajuJ! j Z ~ 176 

^ ail , U. ,V1 (_jJLII aJU ajJjjJLl tiJ . J - 1 

‘ ^>111 4JU ajd^Ull Ld . J -3 ~2 

:J*1! 

E.m.f=0. Z.N/60x(P/A) volts : 6 J^ 

:o^e3M^>VI cJiiJUIU4_ -1 

E.m.f = 0.05x176x1500/60 x4/4 =220 volt 

(JiUI aJL>. £— — 2 

E.m.f = 0.05x176x1500/60 x4/2 =440 volt 
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j*mt jLlQI uVl 


ulJUdij uWl &4U* 
uJLUl 


sbtfSJl 


:>ObbL^luLS^ML JtJ 

(4j»j r*- )Aj*-—» jl j 1 ^—■ j ^ A^LLa ^| A-uLlj^^aJI AjSLLaJI A_Uj^^= aJT 

*4>atlu£)3 

.3 £ J-& 4_jl J^J A_ OjJ=d'^ (^jlll j^^U-tJLl jLpJI 4 JT C-c-i^zajJ (j-tuL) J-& 


cdjL>Jlt jjJu (jtjjJiJI oUol JLp*jJ ciJj^>JLl 4" Jjtoj (<J JuJll) JLo*jjJI j*> if. ”1 

. iJiL a J^saJ j3jJ ( rt (J^ 3 cijj, ^ 4 11 J^ljJI jLuJ! (j tfLju 

.cdj^JLl JI ^^jUJI jJLuaJll {jjo jLuJI Ju-ojj l£]j^>«JLI Juj-aJI ”2 


x4j3d\£tejriCAJj& 

jLu j~a |j| )) :4 j! h (^JlIIj JjljL^ ^jjjLj 3 LiJ^j>Jll 4 ^dj,j>iJ| AjJsj Cx- u j 

((.4 JJ^>|J JL^. 3(J-^jJLl I Jufc JL^. LiLaJ 4_}l_3 4 j < 4j>.L_u J-4 J-uoJ-4 ( j r JL jj, 3 

♦ JbJbfad Jbdl &Jl£^ 

4J LllJ 1 C.*-U>lJ \-£Xs~LX.J JLc 3JucLjlLc ^ MfjJl J ^LgJ^/l j 4j LllJ 1 (jl JL->iJ mJ I ^j_4 

4^3^>iJI ^L>ol Jl JlJLuc ^L^jVI JjLpJI <>L>ol ^MfJI j <JL>Jll ^L>ol 



(19 3) L j ^-nuI < 
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uvi 


ulJUdlj uWl &4U* 
OJUJI 





0 



(20 -3)j^=_i 


: >dljsd I c ^uuljjJJI I JLd$j 


/ 

-— 1 p 

N 

.tfllTTN 

I 

, \ J=2 

1 If 

1 

!J!!m !f|i! 

s 

/ 


© 


^ff) 1 


JTTmj 

. /l il 11 

0 LmI / 1 1 111 ' 

*-Viiiill! 
*■ ■ 11 
11 


N 

irn 


r 


!> 

j! ft 

11 1 1 

!lW 

11 ■ 


S 

o 


lLsLjjI j-a ^~~^J CL^-t->o Lc.dJLLJI A^ij IJ LaJLc ^_u ( (20 3 ) mJI 

<XjLA L-*jHjZA^ jJjlJ I < <J L>fcj I LlJ I £j£. JulLuC ^u<£l<-llA Lr^>£= jLp lJjJULLj *t-ilr>LmI <JUJLI 

F^ 2jJL* jL-u^JI a_^_>. L-ilXI oL^ 3 Jlclj-ud>j Ct LL^JI 

Lr iii £)^L$ju <jljjJi]l ^jLjL&j F2 LfcjljuLo ijjLtxuc 3jnj A_^_>. ^JLL_aJI cJiiil l-cjLs. L^JLu 

jLUl 3 Jui £)| L<UJ ic.L-uJI c_jjUii ^L>oV jLt^a ^L>ol £— <Jj_>- Aj^jIj A_^=dj^>o c-ilil dJLj^o 

F 2 = F ] 4-4^ 03 Jl^Ij 4j Jui filali* ^ < <m t*>LaLa J-a cJiiil I j 3 cJiiil 

.{jf—LAA ^J^c. JwL^dLj IjJLLa cjliil > 1 £_x-bjJI I JJb 4-i 

(jll «JdXI (jrjjL^ (_yi^- (c_j20 3)(J^=luIaJ £-L<bjJI Jl l tf.UI J-U2J 

jJI I J-& A_ JlII ^j ijj 4J LjIjjJ CjJj>iJ £)l L^J-^ul 4-j 4_u (jjv (^ I l£JLlA (jj nVj 

.j^Lu^U LjL<-tuc 

lJiUI (JI JLf-U 3 JiC.Ij 9 (^20 ~3 )^J-^-~ni MlJ ^fLxiI lJiIIJ Ji (J-Sluj Lojlic-J 

I (c_j20 - 3) ( J^=luI< A- jJI JJ 4_4>L>ij| icL-aJI ^_JjULc ^L>ol IJ J jJ I ^J\ 

lJiUI jLuJI C-t / t 1 ^ * n j jLuJI £.Ljj aJLs. 3 Jul_>Js I A-SlaJJL 1 ^ La ^ i ' bJ V 4-j| 

JlJU 3 jlc.12 ( j20 ~3Mtj £-ud jJI cJiUI (■ 3 juL>JLl a.S-L^. ll \ ^yc. 

^lc. L-iiil (jl (^ I A-cL-aJI C-JjLlc. JjJd ^L>oVI (J-OiL) 3^-^ I J_<_u cJliil 

360 aJLc!^~> ^CLjJ 4"j>L>ol 

x*2Ja$&)tA 

^ILv ^^lu-ail jLUl dJjL5e^C L— >1 rt\ A £— jLpJI J>Uo! (i^nC AjUc. (^j o^-^IaJI) (JJuJLl J) J l_£J_ i_u 
(^j>JL 0 jLpwjH]| J i^C- 4^1^. (jll^ I (^ Jill 4 i ti <3,*i j-A ( j_u^dIjl]| jl J JlJLI j i Ij ^Uol 4 -j(jjJ j^IL_uj 

.LSjL_<j Aj ^ ^jJI I jLuJI jJaJLv 
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j^Tdill jLllJI uV) QJUlU i jtmtl 



: I jlji 


g-HZL<-a-L^ c-jLL^-s^L] ^ ^ <n t^LLi-lJ JL>JLl j_L^ij 4.^1^. o}L^> ^JLl ^LLlL_uVI ju Lojilc 

1 l.^o.-t^ (JJ^=3LJJ (V ) Cr JLo^l £_lJlU J-^>* -^L 4 -^ ( E b ) 4 j < iC. (ciJ. J.j}) 4-jjl-Jj.L ^j 


E b = OZNP/A .VOLTS :jJ<4'4- 

N = E b /O.A/ZP 4 -^j 


.( C?) 1J - '.*—-»<* ^ ( E b )^_a LjJ^Is (_i-Lxll_iIu d-£-J 1 II tl (jp3 4jjLj 4-C^ A/ZP 4jI ^ 


: j*mi jLllJI oLSjaa Jp 4SjJsi IfJb 

4jp3 c_j1 ^ ( mjI^LulU (JL?e_$JJ ^.L(j| ^LuTh-u^ 1 J) i^iC. Cj^Ll^4-5e_uj £)| LdS^C. 1 g*—> 

( U) LjJ C-CjU-tJLl ^JL-oVl £_uJJ ( Eb) 4 -XjLjj^^I 3 L^J ^TuTlX-CIJ 

4_u_a^3UtJI a A\ \j > tl Ajl^IjJI 0 j5tl ^Jub 4_g_i^ LT i-LJU c ^Lulu-u^l j />»r. Cr^* 

4-JL>* ciJ^>JLl Lcjllc. fj E b “I” I a R a : (jl (^| Bj*j| J JU^LiLo 

O-p^j I a — U / R a jLp-H (jib JLlILjj U I a Ra g-HJLL<-gJ C-JljLc ( Eb) I Jl_>iJ 

I (13, ) jLuJI £)| Jl?&Jl 3 B^aLco lJJ ^LlTl^VI 4-3 J LiLo R& 4_<ij LSJsl £)| 

£ JU 4_4jGLa ^C-LUJ jLuJI ^L>ol A_ ^LxZL<_uVI J-jL^L J IjUJLj 4_4jGL<3 £jUDJ L-iSZ-JiS 4_4jL2iJ 0jL& 

I ^lo* ciJjj?e_^JJ C_c£j jUj ^ m t V> \ ) j Ajj>lJj Ju LSJ* I 0>X£> 2J I L__<_>iJJ 4 ^=d^_>J I 


. ( 4 JL 0 L^zsJ!) 4 -L^<-<j V1 4 lj£-j-lju 

(jljjj (0^ ]N^& O.Z.I& / 2X1. P/A .bJ.iri ^ 1^—> tl ^3^1 

^L>oV (^l ^LUI j (]VI v ) j^cjJLj 4 J ^jLSJLl ^j^JL (jr <^LMj jJwT 

(Shaft Torque ) fjx. 4 -jI^. ^jJLLaj La I J^iiLa !o .aj 

. JU^JI yt> M sb = M a — M v : jl.3 (M sb ) >3 jJIj 4 J 
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uvi 


ulJUdlj uWl &4U* 
OJUJI 


sb^SIl 


j*L4! jUDI u\£j*a t\p\ 

t^ijZIdjJvnVji 
: AuSp 

JlPlLiL -allI j 4 JLJL 2 J! CjLaJLJI JJlC. j j h^jJI CjIJ c_jLL^VI CjLiLo jJ { * 1 j> j>j JlLc 

jju2l£- CjLiLa 
:4 ji£.juuj 

: 4 !o mi IJ jjl! I ciJj^^ejC <Lc. j-lju ^ jtS m ^uj 

J-U^C. £-A I 3 UL 3 OJwJlLc *Lc^L 2_<0 liJLI ^LTuTh-uV 1 ^-is~LC- <\^j i^> £— ^ *—lt -Sfcjjl 1 

. 4 -C.j^.g]I 4 _ 4 jlJLa 4 j J^Z-ljuj 4 _U LjI BjJlSJI £— I Jui£ L-x-U-oJ 4 nLa 11 £ Jukj ^LlZu_uVI 

0 Jufcj i^HJI c_jLLtl^I CjL 2 JL 3 IjlJL) 4 w$jL lLo ^yC. 4_j_lZlII jLu ^\^—»rtH!I ~~2 

. 4 -C.^-ggJ 1 ^-jj^-<j j />s^Vl 4 _OJjJ^JI 


^■k;, 

* '~Jt ■* " F ^ 




n e ilalii 


^Ilj-IL 


II 



(21 


^npji d 

- 3)(j^=uii 
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uvi 


ulJUdlj uWl &4U* 
OJUJI 


fUj^l 


: u Jljl]| lZIj^za L ya\j*. 

I jLp) jLu £j \.J A^^LjlJI (jJ-^ULJ 0_0* JI^jJI l£Jj^>lX jJkJI (^JLZZJLA ^JUD JJ (22 _ 3 )(J-^3_4luJ I 


. 4X^<_aj| ^JtJI ^ ^'^73 



t(jl ^LZLcaJ dUi 

<( Jb jLp jIj LJL^j J-Sj 4ll£_jw<_u - 2 IjjjJI g. j-j ^jx. - 1 

V (JjJu 4_J J ^JlC. L__<_>ij LlUjJj >U I JlIc 4 m rt U 4-C.j^-jjJ I ^ClC-j-uj ^ V> V*M ”3 

.4_ilj l_x_u_ojj 'Lc.j-ujI I JujJLS l.^.A.Ia.-^ £jjq LbI 4 mi! ciJj^>JLI IIx_& jjpo V 1 o*—> 4 rthlt 


ciJ j^A 4xi^aX 



: U^> 4^3j,j>iJ I ^j_u^3uu 


. ^ LlZlljj ^ 1 

.cpLL^Vl 


J j^c. jLu ^>L>ij| CjLu c_j 
jLp ^L>ol CjLu ^LLlL-uVI 


LL^-SVl jLu ^L>ij| ^j-a^DJU 
jLp ^Uol (i^-m <j 


-1 

-2 



(23 -3)J^ui 


: JJjlJI cijj^4 ^IjLitlLdul 

.((J^/LjjVI ~~ Jl£.L^-l 1 ~^-jLjj. tl jl 3-^ ^ CjVT 3-^-*- <Lli -^ _ 1 

. JVI JwJljJ 4X \ J*-<JU L ‘' ^jJI jU C- VI — 2 
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uvi 


ulJUdlj uWl &4U* 
OJUJI 


fUj^l 


£_a 3 ^-lI^dJI cjLIUI y Vr iijLai\ ^-La-SJLl 


% djJW : Id 

:<tuSjJ 

IJ c_j 1 U>^V 1 Cj LiLa J-co 0_o* I I jJc - JlLa 

jKL) ^Lizl<_uVI j <>»r cjLlLa 



:4lsj^ (U&u 


(^£jlcijjLSta ‘Lc.J-lju ^Jts M 

.(^£jl ^nJ! CjLaJLc Jljlib OJwJlLc 4wOJ Lie ^j-LUO ^j-C. c_jLL^_0^? I jl_LJ ^-^=3_5tHj| 4 V> Mfl — 1 

. claju^> 11 4 V> m)I“2 

.4_Sjj2aJ1 j 

: ^ 31^111 djjt* 
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j^Tdill jLllJI uV) QJUlU i jtmtl 



t £) I Ju>o ^-^1 CjL u ^JLc £y* 


Vl Lljj_oj aHjIj 4_jIjjJ 

.J-^>«J| jLpJ C_-<_<_uLl 4 (jljj-i fj£. laju 

.^luJLl jLp Ljj^Ls Lu-uLu (jljLj^l ^3^ 

^j-C. 4-l-L^->tJ lIUjJ Ju 4.Ll»-2uJ JlIc ^Io* (4JJ_aX I) 4 _u^ljj VI ^lIC-j-lju ^£JulIj V I 


-1 

-2 

-3 

-4 


<3i>^ 


; £1*111 d>wJUju«l 

(^jtjJtl — <_c£)liJll - <JajLjeJll) (JiLa 4 jjIj 'kc.j-uj ^Jl ^llLso (JL^s-Vl 4- ^J-^-~i < nj - 1 

.j i i^—~> aJj (41 ^(-‘- > '- 1 (JLa^-^M 4- ^J-ir~( ( nj -2 

: £!*I1! dj^4 

t^jVL^D JJjlil A^3^y>. 1 n ciJJj 

.e_jLL^Vl CjLiLa A_ jLuJI tfLsol CjLj ^a glixi ^)Lu tfLsol » «j 1 

CjLiLa 4- jLuil oLuj (_jLLa^Vl CjLiLa 4-jLuJI oUol x i — 2 



(26 -3)J^-imi 
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uvi 


ulJUdlj uWl &4U* 
OJUJI 




xAjuSjJ 

cjLlLa ^ ^niJsI £~A jUL) J jud lIj (jP-tl ujLL^VI cjLLLs ^ < c^djJLI jJj_U <■ <j*—JiLc cJU 

x - /*— >j^o lL\jj2za ^ILiU £-4 Sj^Lua J IjUll CjLiLa C-JLx-oj ldl-3 ^ILiU £-4 J I^UlL) (J-x-o^IlJI J I^HJI 

.<jJJd ^-X-O > MfJl ( <*0^ X ^ (^-IJuQ Lilj-ZtjCi (JJ-Q.LJJ Sj^ull/L^O J-jJJLLj C-JLx-^J I jI 1*1 x 


1 ■ x *l rfl a 


l~ J -r-jTj t,^jL 





CJ^JI 



dJ 


1 


dJ 


(27 


djJLI cdj^Jll icj^ n 
t^jVL^D c-c^djJLI l£]^j>JLI 4_c.jw<_u fc> 13 ^uj 
.(^jljUJI CjLiLc £_a JIjUJL) Sj^jlLc 4»*jL2_* ^j-C. “ 1 

.SjjlSJI 2 — jlS-oJI L^j^_ic t j ^niil JIjUJL) Sj^jlLc l3Lo ^j_c _ 2 


tc-x^ajJll t£]j^>JLl ^>-^1 jiw 
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uVi 


ulJUdlj uWl &4U* 
OJUJI 


fUj^l 


I I cj \JAa J L>JL I ^JLc. G j J Ijll I cj LGJLa j 4_2jjJ^ c^p* ^ / h ^ 'j <■ - * ^>j 11 dJj^^JL I I jpo 

:Ujk (J \ 

^liuiuSjiidjjai -i 

CjUU ^p_u_lLdLulI*I (JL?e-^ L^JLa ^ / ♦ (1 JL>ti( JlC.L_uJ Co>J JJ^GJI CjLlLa 4_pj 

:l£]j^>«JLI I jla 

. 4_lILc <L£-j-ljj — 2 .4 QJrttl t / n^ obi-* f>=- ^ 1 

: <Lol jiitlLdul 

.^jljJLl j CjL uJLLaJ 1 ojl jl (JlLc 4 ju2Jj^ Cjl^p_u L-xlLaG3 ^pJI Cj^L>iJI A_ ^ JiitG_<_aj 

-u 

.(^jljin cj lG.ll LjJlX! JL>JLl L $1c. I ^ < tnl^LuLil <JL>Jll c*-po JJ^GJI oLiLc Jo-o^ 3 4_pj 

. Lu^-Sj aGjLj 4*1 C-ju^j — 2 . £ JuJI JlIc ^J ^ 4J — 1 

.J^L^iaJI (3j^ 4JLp^o <M “3 

:4-aI Jiitlxjul 

j lP^j (JlGa 4_ulpt3 I CjIG j £ Ju ^j aGjIj 4_Cj^<_u L-xl LaGG CjVL>iJI A_ ^ Jiitlu_uj 

tc-x^ajJLl tiJjj>«JLl <jiAr. 



uLola jLu ^ m^~i ^ 


^ILU jl_U 


4^=>jaJL j.p^r. 


(29 3)J^gl 


j^p*. 1 ^» ciJJG ^Gj 


t^VL^D j JI^gJI ^ 

.c-jl t^4^1 CjLGJLc jLxj ^Ipol CjLlj j giiXI jl-G ^Ipol u ^- t , t-j — 1 

.^GGiJ oLiLc jLg ^L>GI cjLuj c-jLL^V| cjLGJLc jl_G ^L>GI _ 2 
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jLwJI uVl 


^LuUj^l uiJUdij uWl &*Lla 
CJLlH laaJI 






I £-4 I J LuJ I JljJ jp ^JJ <, 

j^jlluX 1 jLpJI aJT L^JLg (jJ-^ ulIj 

S (4-jJjJ j^ud I ~^LulL<-u VI j) 1/>C. - 4_j_lZ(JI j JU^C.) ^j-A l}— 0 AjI-3 Lc 

^U-ojJ I £-4 jJjJL I (J-4X. ^p2L I 

S4_X^^Lj J*~1 J ^LLlL-U^I J <^C. Jjl 2 Jlj L-f^pC. 

jLUl cjI jJj.^ ^JjjI 
J l^nJ I jJILj 

i^j I^jJ I jJ j-A lLzJuJd ^ jI^> n I 

jd*JU2-< ^Tu-g-t I (ciJ. J.j}) L^£-^ 4 ^jJI J-^IjjlJI 

AA-^ 3 -*' A>^4' A^ 

ScjL^3j^>Jl! *> ——'j -*•tS JuJljso pj <■ ^ j*——» 


JI3UI <Lc.^j_i_u p jfc» jj i^j ^-—■ «i' ‘ ‘^J^~~~ l 


pJI ^JlscZ i 11 < Lc^ 

‘ ^ -*—t I L£j^_>,Jtl 4 ^j_ui j 1^1 M JjjJa ^ o' 

*^‘ . ■ ^ 11 iiJj_>J t | A >. -j ■ C pj ‘ -~’j‘^~~ > 


-1 

-2 

-3 

-4 

-5 

-6 

-7 

-8 

-9 

-10 

-11 

-12 

-13 

-14 

-15 
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jLwJI uVl 


^LuUj^l uiJUdij uWl &*Lla 
CJLlH laaJI 


(ta£ 

sb^SIl 
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juiiljLulluVi 



ijJjJt_coil A_A_^aJLqJLl 

$ l! <—^iAJI ^LoU 4 _^Ljl]| 4_<_u_t -uji.1 

gtALUl jJ$lauj 2ULJI SjbVI 



Ub^l ulJUdlj uVVl gaLu 


m&JII jLuJI oVT 



U c_4_jj jJll 1 j ^*i ^tl <LaL*JI A i n Mij git a ^3J ^^ 









juHljLiil! u^i 

ulJUiilj uWl £dLw (ted 

QJLlJI i jhntl 

«X"‘ 

jjul\ jLuJ! uVl :4*Jl 

. jLuJI CjVLj ^UVI tejJLlU ^n> <w i 

t 

■j.aJ.1 jLuJI 5JI t < (_ylc. <_)jJdil (—SjjlLi jjl (1 

. >uuJLl jLpJI cjVT ^JLc tejjGJLl lJ&jjuj <jl (2 

. j^JlULI jLpJI cjVT J-4^. tejalll l-^jjuj (jl ( 3 

jLuJI cjVT SJT (j-dl<— (j! ( 4 

. X90 4-LcuJb Sjl JL>JI (jLSjl tejjQXI f 

sULui 13 * djlJUfcJI 4 ^uJj-UUuJ^Jt 


t dJL^mi JJLw^JI 

(1 

.j^ulJLI jLuJI CjW jUll 1 

jLuil cjVT (jiaju 

(2 

.4-L4^JLiU aJLu-OJ^S Cr i^JLl( ^C^JuJLl 

uUlkXa 

J^l jLuJI CjVT <j-d!J 4-jjJkj J L-jU&dJH 3j^LA C-aJ >0 
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jjduiljLuJIuVi 


ulJUUlj 

uJLUl 




^- 

AC Generator j^utljUUI ulJJ>« 

XsLlaJI uilastA 


oLd! jl ^LJsl ^ { J_A j| A^LkJl j cLuilJI j ^ Lt JLi a asl Utl JljJjUJ \ jj- LaJI J ^~~^" s j" s 

a U>tl JjLc 2 JJjI^ j—^ a ^>1 U>tl ^LjjJ <JIj_jv 2j. < : 1 > CjL^oI j ^ ' A 11 aJLjLjJI a_jjjjjieJU 

A-^LLd^ ulXI 4-Sli^^ AJjl^^iJ! 4-Sli^Jl^ 4_L<_u-^-<-gj I 




(JL>* ^0 ^)^>— <v-^o jL>o ^LIjV da^iiJI j I ^JLc. aJLoLaJI 4-JjL?c_l1I oL^LiJI 



A-iLijj^j Cj I jJJ-i-tioJ 


1 - 4j^=ui 


: (a^j^du^iuLUaii )^ui^Mi^«ui^Lb^ai«ujidUiuLu»> 

jLLuji^j ajl.}! £— A <1 a ^—■' /a I Jl ^ «■•>"'j a <1 al tfLJll ^Usjul A^LLs £jja ' j A" >.. i 
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2UuljJJ3Jb^l 

jjduiljLuJIuVi 


ulJUUlj 

udLUl 


fUj^l 


^- 

: WuJI BLUJI Ja 21UU1! tLj&JI uLU*> 

: A^LUJI 0jL& i^yA 0 jl rt~i t „>U ^jLj-Sj^Ls (jVl I Jl^ 4_*ll^=3_<0 1_>J I C-cSjJI ^_^wlL*J 

^JLc l.^i*../~<I y 1 a ‘-—ijj>' ajuLU ju ^jJI Lj \jl\ yyA UijLUo JL^jlL_uLj VI <L2j^U| 

^_tL^-tIaJI 4-3uiu Lj aJj j) CjU^jV ^JLaIu ^jJI LjlJI J^LsLlU UH! A^il <yC- A-Sjj^LaJI Aj^Lc, 

4_uUI JjUU 4 j^ ^^I L)>UJI 4 U» / nlI A^LLs JL^JlL-uI tA-oljJl 



4 a! UU 0 JlC I jJ I 3jjL?dlll jjUUI yyCi 4 a! U> tl 0 Jufc jwpJUJ 



4-4 


t^Ull uLLuj>Lll ^ iUUUll *bj^l uLb^w 

a_UU<_>.' jlJ^j ole.o *—> J^jlLcuj L^jLb l^JLJLyi Ui^JL^au juIjU 
t 4 j^^?cJL I o U I j o Us I lUs Ucuo ^JLc aJLc L*J I v. I cj 1 
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4*j|>tl3Jb->)l 

jWuiljLtUluVi 




ulJUUIj 

uJUJI 


fUj^l 


^ia^uuiOiHu 

dumu 2 J J)J^ 3 LJ 33J~^ ^L>oVIj A- 4 _Ul]( ^_^ljlLc jLxj JJb 

: ^iUljl^lLijjju 

<>ajJI j>J^o 4_<_tuiJ ^L>oVIj A,.^inJ 1 ^_^ljiILo jLxj 

A-ijljj.^*—> a^LLd Ji 4jtl ^LkJ! 4-ijL jj.^*—> aJT 

Alternating Current Generator 



(A) DIRECT VOLTAGE 


- .-TIME - ►TIME 

RECTANGULAR WAVE SAWTOOTH WAVE 


(B) ALTERNATING VOLTAGE 


5 - 4 

: U^> ^.cjj JI ^ILiU I jLUl cjIA<. j..xj t £l^Jl 

Bj,jj ^-tJI A—xjj^^aJI oIjlJjJJ £ J_& jLj_ 4JJ t^j|jlJ| jjua-JtJI C-jl CxjLj gTiJLa jJj_a 1 

JUjCl^I j-jLi C-J 33000 Jl (J.j j 000 Jl (J-^j 

Bj^Jt_t-o BjJ_njj L>. CIjVL^ ^jJt!u_a-j jJbj: 4_IullL!l ^ l-j! j^-jI J gj-La jJ — 2 

JL^jlL_uVI j-jLcu^lC. I JlAj (a 

: j^IjJ! ^Hitl jLHI ojIilJI cjI jjLpJI cjIjlJj.* cjIj._l^4 

I (jJs3 I I Cj LiLo Jj^Lj v-Ltljj J c2a-4-UJ aJj ^ * n 1 

4_o^jL5kJI BjJjI jJI JJ ^-HJlX 1 ^yA 4.^-JL^. jLuJI (jr^* aJj,^, / a — 2 

Jl_^>. j^Lt-a-a jLlIj ^ jJu l-jLL^VI (jl CU-j->* ! Jl_j_>- LjJj^C, ^J)6 M< J CjLSJL>. j^l3 jj — 3 

ft ^-LA 

^jlj^jJI <L5E^UJ ‘ j ' ^~» -~ l ~' t ^lill CjLaLs f_ySJJU jJjJtl ^jl^jl 4 
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2UuljJJ3Jb^l 

jjduiljLuJIuVi 


ulJUUlj 

uJUJI 


fUj^l 


^- 

: Jjjll 

cl] J J} 4 j jJ jUj 4_jI_3 4 j ( (mI^LlLc 4jvL_u <J_^o j_a I jJ ) JL^. jJI J j|j*3 ^jj_)1_3 JL^. Jl^Uju 

( 4-XJj^^s 4 j>*jJ 90 4JJ| j (jj)^“TH LcJllC. L^Tt..<v.L3 ^IILlL_uVIj 

Cj Luj (J-t-ojJL I 4 _^dj^>iJ £ IJ_<_U ^ I ti ,jlo lliJ* I (J L>JL Ij (J-t-oJ-l I 4 -Llx.cuJ I 4-^dj^j^iJ I 4_?t_UJ I I Jufc Cj 

J-ojJLI CjLuj JL>JLI A^=ojj>lJ j| JL>JLI 

4_j jJJu 4 j p3 ^ j < <mU Lljl-o ^fU-La-S ml? I 4 IjtVi < n iC 4-<i] 4 ,Vl& ( j r ic. ciJ^>!j IJI 4 _j I Ll^-lf. Ju9j I Jl & 

yju\ 'Tr }\\ (>" 7)\~>* ijr-£- 4_l^jL>iJ I ajl JlJI J I LJ-i-_<.o y <U 4— L.L-L>- 4__^ yA 4 A* ^ If. ciJ J J} 

ajl jJI Jl L^JLaj ^jj-Jj^=l!I -j—^ (jO-xTuj^ ^Lal y[.^—nyS^U J}Vjj| ^C_2i_>iJ 1 

Sjj-x-o cLa-t-uj I juJCuq jLu jJ^ jJI j J^dlCJLj 1 n 4_owjL>JI 



Wi 



6 4 


jjj_c^j>JLI 4jJ IjJ I ) 4JJI j L__t_L>. 4 -u.uLlLc 4jt^^r Itl cl] J J} ^U-u^?l I Jl^j C ♦ AdUdLftil AmP^X\ 

(^ t (fjt^LuLXI (JLJI c!dJ l (Jaj 
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jjduiljLuJIuVi 


2j.iU ulJUUlj 

uJUJi Li^ll 




^- 

: wJUljLIll JLJjj^lcS 

(J^-n mlJIj 1 j ( « jt">LuLa £j\ ( J-J (J^~n mlII 4'jt*n < <i a aJi] LjJlIc. <jl 

iy£(-uuj^ ^Lcl (jl ^yc. 4-j^jL>JI 2^j ! jJ Lj 

^ j V E m f ciJ j ^ jlJjUj ^ ^ ((jt^LlLU (JL>JLl da^ E*>J tajlj_a j-U ^jj )*—m c-^-p* (1) £- 4 - 0 jJI 

J-_4-ojJj ol L$^ 4__Uj^_^o °90 j-Jo-SJI 4-JJ lj J—^=lJ C^> (2) £_4-ojJI A_ Lai lj>^—4-0 (^gjl i XL. J ^., L, 2,11 LjjIj 

4_l >.yA ^ a Lr AjL^J ciJ J ^ ^-4_4ijIolliiI JL>JLl Joj_Liw ^JLc. JuaLlLa 

Ij^iLo clj J J} °180 Ljljj Lsj) L Ijjlj-d (J-4-O^JJ ^-LUOJ (3) £-4-0 jJI LjI 

I 4JL^JlI I \ ciJ J J} (J- 4 -^ °270 4J^ IjJ I (JJ^3Lj(4) £-4-0jJ I J 4 h iS> S lLj-OO Jj3 (J-4-OjJL I 

4js. j_a ( jr JLc. J 4 ^ 00*0 lLUju/360 ^Jo_SJI 4jj I j LaJil^. j-LuoJI Jl l£] J J 3 Jjjlj (5) £o-b jJI ^jJLLI 

(JA_J 2j-o*lj 2jj J J-4-ojJsl ^jIjJ-Lj 2j-o*lj 4 __Uj^^3l!( 4-JL^IjJI 2>j-SJJ 

jjpJll jLpJI 3 Lilli 


CONDUCTORS MOVING PARALLEL 
TO LINES OF FORCE, 

EMF MHIMUM 

ROTATION 



DIRECTION OF 

CURRENT ROTATION ^ 



CONDUCTORS CUTTING DIRECTLY 


CONDUCTORS CUTTING DIRECTLY 


ACROSS : FIELD., : EMF : IS : : :?9 R0SS FIELD ’ : f !W? : ■:■?:■ 

MAXIMUM MAXIMUM 








































jjduiljLuJIuVi 


ulJUUlj 

uJLUl 






: jAj 

a 1 a[^=o BjjjJ ^j^UI j-A ! T SjjjJI <>AJ 

HZ 4_<_uLl3 B Ju^jj 4_uLj CjLjJuJlII jl CjIjjJlII JJl£. j_& ! f JJpJI 

T = 1 /f t f = 1/T (^jjjJI O^i 4j9^Ajl1I 



8 4 juj 


<I> j^kJI Ajjfj 

BjLlseJJ ^ JuJI 4_La-<2J 4 jo^-nJI Ojjj>-[2 jl 4 j C-ocJlSj A-iLcjJ! Bjj Jl! I £j*->«J! 

<jJJ j Jj L2JLI mJ I jj^ 


90° 180° 270° 36Q C 


1ME 

TWO 


TIME 

ONE 


9-4 
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2UuljJJ3Jb^l 

jjduiljLuJIuVi 


ulJUUlj 

uJUJI 


fUj^l 


^- 

As-jVl^liJIJjjUl jLUl 

Lkjljlo! J fj ^t^«tl 4_4_U2JI (juuajJ JJpJI (JjjjLi IjJ o (j -4 J-& 

(JjULII J^AJL) ' 120 j!jl^4 J t ^ « J ^yC. 



10 - 4 J^=_j, 


oyi ^L?l4' 03^^ ^ 

£_uJ AZl^Zu-cuC j_^_>. 


: jLullJLJp^S 

^ <>>tj ^J-C aJL-^LLc L—>ULq AjMj £_tiD^^Ull JJpJLl jLpJl JljJjj > <M 

3 L^_j_3 jJjILlS 4 j < m jIoLlLc l _jLLa_2 I fj \J jj 4 -xjj^^3 4j>.j J ° 1 20 c rt 1 a ci^ 3 

4_Uj> 4 j>*jJ °120 IjIjj L^JLu ^-i-^>iJI ^Jls&JlU 
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2UuljJJ3Jb^l 

jjduiljLuJIuVi 


ulJUUlj 

uJUJI 


fUj^l 




: ajM^JI I jit l£]L<_& : jjia 

: (J .4- / y Jiil — 1 

j-lIIL) CjLI JuJI J-t-o jjJ 3 Ju>*1 j A_L^_oj Ljuc CjLjL^j CD>li]| £-^po O-p* 

( J llu_<J ) A-<^>iJ J_po jl] I A-SjjJsa J^D-CoJ I ^JUD 



12 - 4j^i 


: ^UU I — 2 

AjL^jj oJlill 4p-jJl AjIju £-a 4p-jJl AjL^j j ^pLjJl 4p-jJl AjIju £-a <JjVl 4p*jJI AjL^j jj O-p* 

( oJlLc ) LjJj J_po ^IlJI 4 js. jJI Aj I Ju oJliJl 4_^ jJ I 



13-4 J^aui 


-59- 









jjduiljLuJIuVi 


ulJUUlj 

uJLUl 




^- 

ujUOL^luIdJj^jj 


^LLlL-uVI 2— oUUI J JlC VI <■ V 4j^ j I Ij^AlLtlj Jl>*IjJI 4j>*jJI CjI jJ <^a {* 

t Luk (j4_LOJ L-UI yjjj A-^l-C. 4_rfLu2J J JjIlJs I jLHI jJJ_4 c - A ^ZJ^JJJ 

4_u_a_jloL ulI*I c_jLL^V| fj j»JJ ^J1 1 JlII j-xJ^jlJI — 2 ^Hiil s Ls LJLc ^jJI C-<jLjJI J-xJ^jlJI — 1 


: <> uj^oj t Stator ujUJI 1 

jjAc j) ^-L4L> 4 j JuLsj ^jj?elil c-tL-^JI ^1 jJl jl j^jJI (j-4 £_1^J ♦ ^jU^I I— I 

CjL? tHS 4 _j Jjv jj 1 > (jyjuj Ij-^ulJ I J_^Jvj c 2 a- 4 -uj ojuJljuzJ I Cj Jiitlu-tiJ JjSj CjUUIj ^ITlTl^VI 

jJjJ>l JujwiJ 4 ^tl ^c. ^ JiitIL<_uJ AJ^lU 



: ( £ Lulu VI ) 4 j.UJjL I (pLdjil — u 

4^-J*jLo jJjIJ J 4.^J.A ^JLc. ^_<_u 0.6 0.35 (J4J ^J IjHj lLU-luJ J*~"HM I J-t-gjI ^ xL^.t I lj9j Qj *—o*n 

4 to, mi IL^-tiaju (^C. Jjli)jJl £jufe JjJtJj Cj^L^ojJLI £-ud jJ (^jL?e^ < jr L>w| Jill L^la-pt 4 \ J5>j 2-uusj Jj^I jJI /j-4 
jJI £ < ujUliUI ^jjjlIJIj ajjL^V I cjIjLuJI j-t^LLo JmIjM c_lU jjjJI j I ^IujjjJI 

^-uIIiIju 4 to miIJJ Lj ^jjL^jJ I ^Jufc Cu-pjj m^JLj Ajj^jJI (^jL?ejC Jj-^jjj 4jj_^j oLstHS 
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2UuljJJ3Jb^l 

jjduiljLuJIuVi 


ulJUUlj 

uJUJI 


fUj^l 




£-.lcuX I (jlA<v3,tl jl JjijjJI <buuj\ <Uj)j^lXI dJ^Lt-uI (jjz uUUl — £ 

Jl>- I jJI CjLiLa J-x-o jJ oj Jl3 L^Jtl^LLa 4^*. Ll^sj L&J JlC cJillioj 

^u 4 j^j »t VI Cj Lilli SjJ^Hil ciJ J JlcL_oj lJiLs A_ SJlI^IlII l£] _} J 3 ^j^=d2 lJ l-^juaju 

j^jJJ (^jL>JLl JJlC 4j I CjI jJj-ll CjL illi Ji-JLtJj 4 -o*jL>iJI Bj^IjJL jJ j_1I l-SIj^I J-x^ojj 

I 4-u}LJI oIjlJjJLI t (^£jL>Jll J JlC. cJj <JlL>iJ L^JL l j ^J-xjl^ILlL!I ^uL?eJj| 

£jjj (^jL>JLl £ Juk < J ‘~ l '~' <—iJL->iJj (^Ilil) C-ljLjJI j-u 2 Jl!I (^jL?e jQ £— Cj Lilli x>JlA j ^ujj 

4 SU .11 (^jUJLl - 4^^HiLa c hi^t Ill (^jL>JLl - ^jlAll (^jL>JLl: lgx<v^ jJ^-ll 
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2UuljJJ3Jb^l 

jjduiljLuJIuVi 


ulJUUlj 

uJUJI 


fUj^l 


^- 

: j\ Rotor :( uLIa2Vl )^UJI>^atfl-2 

: Salient Poles 3 i>LJI uliaSV! /i jjtJJI #**3 1 -1 

SjijLJI c 7 AU*Vl a-o^jLSkJI dJj-u_tJLl c-JL^aJI ( 4^1 jl>. ) XjI iji & uuj \ j 

C-<_uJj ^-4 1 dJLu. xiJj 1 ^ juaju 7)-C XJJj^-U 4 j Ju Ju>JI ^cuLLtuaJI j-3U?c-4 jl 0 Jl^Ij aJU^d {jjs> *j 

^lc. t h \")J AjjLUc Cj^L-oj JI -LbjLuiL<i 4 to m)I 4^1 Ju>JI euLL^VI C-C-UJJ 4 to MflL^A jm 

jLuJL) ^ Juu Ca> (jIuJjjJIIj ^pLo-dJL XJjjjuuo 4,ljjfc» ^JLc. 4_u_ul_>iJ CjLlLc l ^U^SU cUUI 

s# ^ 

I Jl Aj LjJjJjS. LjJUju i ^2UcJ 4 _L^La 1L<3 XjJULJ ^qTu-uX I 

j) 4_uIXI CjL iuj^HI ^UmiI^j j| Ju ^jJIj 4 / njlXIj aX-Ju-jJI 4-C.^-<_tJI Cj IJ CjI jJjXI ^jltI I Jufc ^ JusH.<.Uj 

Luvjj i_jLto-£)Vl J JlC (jj*—tj <jJJ J ^Xc^j Lu-u Ij L^jjI j| jjjstd Lc LxJLcj (jLo- VI ^j.o 1 1 J[ju jJI 

J^UJUU5 (^J|^>iX I 4 JJ_L^J jj, I to.^ Ij. H^O 




S«ltenr-pok field tlructurt 


mwftnp 


/Ww wtmftng 


17 - 4 
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2uuljJ!3Jb^l 

jLuil uVi 


^LuUj^l ulJUdlj uWl^L jla 

^JUJI uA ya J I 


(ta£ 


x Cylindrical ( ^bLiJI — u 

LiJyijj jL^ 1 ^ 1 g *1 £-A a!lj_& aJjj^juc Aj Ju Jl>. ^jLL^o 

oUUI cicjUjj ^jL>JLI oUUI jjj c-jLL^^I n ^ j_&j ^jL^c ^jjju L^u^uu 

J-^aj j Ajy^DjJLl 3 jjLLaJI 3j-SJI (JjuLj 11> j^jj^lII jI c-JL-dl j^ljI jS. ^ t^> / < t \^ L^i^dLgI ^_ 

J^l jJI jjusjlH Aj^HJ jL>JLI (J_<L_uI CjL?sIL 3 3ji£. 

jlju A^Jlfdl oLcj^-aJI CjIj JLjlJI Jl^^JI CjIjJjJL A,,x xt^liJl c-jLLi^^l I 

(jj)^"ij C-jl 1^41 AIL<_u ^j-C L^jLL^I JJlC Jl^J C-<_u-aJI I JlAj AJjLitjJI jl AjjLjlII CjLLlJj^Il!I A m)I 

j^-i-L^j l^JI j>-uL^o aJVI j> 1o,4 





2UuljJJ3Jb^l 

jjduiljLuJIuVi 


ulJUUlj 

udLUl 


fUj^l 




4-JdLiJI uliaiatf IjdjjLlI allaJtfl jJlJJI j^aall ^ AJjUm 


4 <c_jLL=l^ I Jj j*j| J j-Ac Jj jJ 


SjjL} C_j1 1^4 | JJ J*j|j J-uX-C JJ jJ J-4 



TURBINE DRIVEN 
ROTOR 

: rijbrtispfefeoi = 1200 RPH 
OR MORE 


CROSS - SECTION 


SALIENT-POLE 
ROTOR 



x - 


LOW SPEED = 1200 RPH 
OR LESS 


SCHEMATIC 


t J 



LINES OF 
MAGNETIC 
FORCE 




4jjL?c_lSI CjLLuj^HJI 4_^dj^>lX I 4 JVI 
^J_JLcLl1]| s. La I jwuLco 4,1 C- CjJu>ij V 
4_u Ijyj I 0 jJuJ I ^ i, tVt 1 1 
a ^ X" / ^ Aj^lt 1 
1 aLtJ J 

«<X4 />j. j JjjJo (^jjj>JL I 4 J 


a <i X (11 CjLc j-uA\ a j3t 


4_uLU cjLLuj^hJI a_^dj^>lX I 4 JVI 

4JLjJLlaJ *Lu| y t A 1^> djJu>iJ 

4_uljyil BjJuJI 

4_<^I^ILLc J-lC. Aj^UI 

j < «*—» ^ j- < /X4 1 4 Jjlo 


: JU^IuUla-3 


L^jJljld)J C_jL?eJ-<_u 4j3 4_J4J. X 11 ^yA juL^jOlI c_jLL^V| 4j Juv- L) jL?t_4 A_ ^-xis 


^Lldu-uV 1 J) <Xc. Jjl4 j j jwij G ^du^Lj I 

cjI jJjJlI I 31 U! 4-c.j^^.u ^ lc . <_j 

4 JVI aJLv ^Hal dJj._>Jll 4^d$. JuJ ^jMJI c-jLgeJu-u a* J J <X ^ Jl^XL-oJ ^ 
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2UuljJJ3Jb^l 

jjduiljLuJIuVi 


ulJUUlj 

udLJI 


fUj^l 


^- 

: jLlQI ulJU^4 yUaJ! AJ jJu 

c-jLL^-£)^?I ^Julj CJ-p* cIxjLj ^ < (nloLuLa Jlp^ ^Llj^ j^Iu-ail jLplLj^pltl jLpJI CjIjJ^o c_jLL^I ^Juuj 

^jl^wLj ^jJuj 4-l^IjlLc 4_l{_(.l.lLdLl sla LLL^I ^.Laju o_pH j JIjIlJIj 

^j_C. j n I ^ j^gTn-n-a j Lu jJJI 4_p*j liw ajj LLtlj i^yA ^ Juu 0-0* t ( aIju^JuX I ) 4_o *J UJ I 4_) JiijJ I 1 

Ijj jJ I J>l-x j I j ^ jl T lX I jLuJI jJ 

l - ji t^^Vl jJ^nil jLuJI i^yA £jO* Jo*I lO-O* t (A_U_tiAll I) 4_ul Jill 4-) JULjJ I 2 


'«*—» ♦ tl^ 4»C^<_aj| dels l - A t^^Vl J JlC. j|j I a I <i ~~~^ (^1 Jll^-tl Lu_o^=lC. Lu_uLcJ C_-<_<_uLuJ l - A t^^Vl J JlC 

if 

jlj 4-C.^-<_all CJ jlj I a I <i ~~~^ (^1 Jll^-tl £-4 L)JjJo C-^uLlij JJ^Hll^ 

Ijj jJ I <Lc.j-lju - N ^ i-jLL^VI jjlc - P c jjpJI - F cop* F — P N/120 



19 - 4 


: Au^S4l AjtflJtil 3^1 M ^3 >£j Ji)l 

Jjls — 1 

jjpJl — 2 

^,„jt->i ««t i jl>j.i 2. i"**~~~i 3 

1 _'I U,g>Vl JJlC. — 4 

( I^JJU^U - — 5 
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2uuljJI3Jb^l 
jLuil uVl 


<Uj|jp£]l ulJUUlj uY Vl giL* 
OJLtJI 


fUj^l 




jm 2 I jUU\ uUJp J JuSLall 

4_u_jL>iJ JljbLLoj pJujL>. JllsLo^ ^ I gu alSJj 
4jj1 CjIjLuJI JubLLo^J 4 j < < m t^>L ljlXI t 4J Ju JL>*J| JubLoXI — 1 

jLpJI jjjJ* 4_?t_uj Ij.JI ojliJI j .I o-* t 4-u.jLfeiJ! juBliil — 2 

L^J 4_u_uL?eJj| 

OpJ O^*}} \-& x ^ x -} SjljjJI (j \j ciJl4-?t-uj : 4j*— m*i!mIJ jubUJJ — 3 


2 j 2 a\^\ ulJd^l JUJiai jmIj 

CjWI o Jj_>. L7 1 c pp — 1 
: (jr^. Jpp L^i C-^p* c_Jjpp j^lC 0jIj^. Jl JljbLLU — 2 

l^j jwU^B CjjJl^j L&jLpjl A_ c-.i-Lx-aJ L^-4 diLiill Op 4 -j10a — I 

4 JVI HJ1 ^Ac. pp 1-^-4 cj^L.l^>j_U Ocj lILo 4_<^_tB ^-Bj — c_s 

<Lc Lc. iJVI o£ Li (J^iS — r 


: ^J\ OJ JlSU L*_u 4j^jJI ^ MiS mj p AbLL^JI Jtffltl l£Jlaj JlJjII ojJtB L7 1 c eJiBpj 

dLp>oj 4 ^=3js>» 4-5&-uj 4jt jjU tl Sj^iII ^lc. ju^uu : 2jjlSJI cj!j oIjlIjJLI — 1 

L^j dppJLI jpJI 2jlj^>«JI I 0-^ itj U-4 p ^II 

L_4-lL^P 4 lo,Ml 1 jJjJJ ^JLt (JppJI £-B jJI (jr^* : 4_^_tdUjjJLl CjljJLdil d»li CjI JlJjXI — 2 

cpliilj j^l jJI j<>»»!! jplBp p^nJI cjL^cIIb pJI £-bju cA^* 

cpp JjL-oJI cJ^° ^laS./C j <§_ cI^jL-uj : S^-L^aJI cjIjjlSJI cjIj cjI jlIjJLI — 3 

4_C.jw<_uJ L^-Lc 4_C.jw<_uJ *p lj^_>iJ I 
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2uuljJ!3Jb^l 

jLuil uVi 


^LuUj^l ulJUdlj uWl^L jla 
^JUJI uA ya J I 


(ta£ 

sb^SIl 


: ^jipi JA ulJO^I JuUwi 

A_jj^^dJI 3jJlSJI A-<aA jJL^sl 11 A_*_<_aJI 3 jLjj 1 

cjIjJjJLI JJ^ju jlIc jl_>J I ajj Ij^TL^u I a^Lj! — 2 

J ij> Jl!JjjluIIuJ l— 4-<_uLLil ^JlC 3 

: Ua ulJj^l J^j u 

' ^3 ni o \\ AjjJuJI AJj I — 1 

JlJjIJI A-L^js&jO 3^1 > 3 jLjj “2 

ajjjjJI ajLu-^JI J-^-c a_uL^3ucJ — 3 

3^-tAllXI A_^jvI j_a A_ 3jjLlU AJjj>* “4 

jJjJJ <A£.ju^j £— JJpJI £— ^UJJ jJsl L$ J L<-UJ ” 1 

ij Jutll! I jLp ^\^—»^jJl j Jl^_>J I » rtll 11 jJJ M » t Jl^->J I (^^L<_aJ “2 

uuai ouui jt A.yxii oi uJLII jl ciJJj ^ujj 3 

£jLjjJI jL^v 4 U Mfl dJJj Jl^dQjj 4^jJI £_jLjj 4_jLi(j “4 

A-JL^c a_uLi^d 

>0211 

ciJJj-^3j ( C-JJ <-aJJj^r> M Mf11 ) ^Jl^lj_<_uJJ t — 1 

BAS bar a_^j^jlII ^jl u^.4j jJjJJ cjLuJLII 

: j IjJlJ I A_ <La jL3tTu-uJLl d)LuJD Cj^Lu^^3 Cj^Lj clILL&j 

CjLuJLII ^Licl JulC. j^yQ Ij3l! ^ I 
cjLuJJ! 3^.Lx-bl JlIc Ijll I c_j 

(JaHjJL 4uJL g. L a, lo, 11 J^t£. ^ 

: Sync - check rely <>»1j^1 jL^I — 2 

(jIujJI aJL^j^jjuj CU_l>- Jl1j_<JLI <JJj CjIjl^I l_Ju ^cIjIlJI jLlL^I ^j_oj 

4r i^jyLui.A L^ jJ-C (^>IjjJLJ A-X^L-b^/l 
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jjduiljLuJIuVi 


2j.iU ulJUUlj 

uJUJi Li^ll 




^-: — 

Auto - Synchronizer c ^ajjUj3jVl — 3 

Jl^j>iJIj da.u>n JJLfm 3j^-a ^dJLlJL ^llL>iJ 4 _jI ^j-4 IjIlI ^ (J-^ 


I L>J JjJ I ^jJ 


l__c£Ij>j (^jJlj ^*—t j~La^jj^I ^ jJ^Lt-oJ jJt\X\ J-i-coil ^j-C. ^LljlL-uVI q‘~ 1 ^ 

J^LLaj c-<jL^ 3 IiLb jjpJlj j-^>«JI (jfA 


j>jjj>iJI J! I^j (Jj-t-ojJLt cij 


nil ^,^-- 1 .' 


cjI jLil 4 jUs A^jlizdI 


IjJL! I 4 jlg.C- 4_JjJ_L 2 .ll 

4-il^.C. 4_p VI 
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jjduiljLuJIuVi 


4^L>$&! ulJUUlj 
uJLUl 






jwull jLuJI uLSjjt* 


: ^Uj£l \I l4jjju 

( 4 ) 4 j*— hi j^ 1 ^—-i, j>0 4 ^LLs ^J\ 4-ul-Jj.tl 4^11^1 4_ll I ciJ^>Jll 

jl_Qj (J-t-o (^1 (jr^* LJLlIj 3 ciJLab o' Jj-Sj (jP-51 4_2_uL>iJI (jr^* lLIj^JLI J-JLIuJ 

4jl^s «^tnl 2~ a ^ / njUl /» ^ Jj>. II jl ^ 

<J-<aJU La L3J-4J 4 ^jJI jLuJI cr^* ^ jLpJI CjL^djj?c-^ ^ mi 2, nj 


4^v jJI jLiJI ^JLc. 



21 - 4 
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jjduiljLuJIuVl 


ulJUUlj 

uJUcJI 


fUj^l 




^y^iuLS^i^i 
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2 UuljJJ 3 Jb^l 

jjduiljLuJIuVi 


ulJUUlj 

uJUJI 


fUj^l 




"Aj*VulL 

4j>*jVI 4JjL>.1 4-O.lllL^I L— > 1 ^ VI 4_lj^Lj 4_o> LlJll<_li I CjI ^ I XL J„ Sj 

: $1 1 4j Jl^1 t-LW VI : V/l 


^ L-xla-3 — ^.Ju) - jjU ^ 4o.j : JJ ^u-clSJjj 

i '<*—> 11 BjJlSJI cjI j^-<jLlil jLuJI cjL^djoc.^ jl>I 

t ^L<^>jj A-SjjJoj CjL illi UlC. VI 4o.jVl VLJI dJjoJLl {j£- <Ll cJiLoo Vj 



Uj^i 


UtvItlU 


*u«* 


*<***•**■ 

4 J. ^/n 


lljjjltiu 


: uVLftXuxI 


jVI i mtII (JlLa jj» (~i"d a t"( i nj 1 ^ ^j-a Jl ojJlSJI CjI j (_)La^>-Vl £— (J-a-*J-u 


V- 


lx uz}\ i~'l ■•>- <>>t I j CjJ^JI S^-Ju^aJI cHiLjr u :illj 
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jjduiljLuJIuVi 


2j.iU ulJUUlj 

uJUJt ei^ll 




^- - 

t 4_U_u L_u 1 cljJ>.I 4JLJJ I £yQ JJ ♦ LuSjtfl 

(^j^ajJLl jjdaJI ^LlLo — ^L-uLjl JJU*tl “j^j! jJI j-4-£2jl1I — ccjLJI j <>»*tl 




23 - 4 


: £>-* j Stator c-ulill j .<>>■* 11 — 1 

OUUIj C^liJI C-xiS J-C->- 4j JulSj ^J_4JjlV I J I J-&jJI £>* ^jUJI — I 

l^Lc c-jjJLLaJLl j-lLu-lJ 1 l-JluzJ l ^jLL^> Iron Core ^jljjl>JI e-dill ■<-_» 

Cj Lilli £judjJ jL?e^c JL>*I Jill L^j^-La-t-aJ Jjjs. j-C jljJ '~' Cr^* JLLxJI 0jufc Jj=z3_luJj 1 ^ />»♦j 

d^L<_uVl (j j-^ulj j ^_<_<jI J_(_u <n <jxjL?eJj| JLusj Winding CxjLdl J juajidl CjLiJLc 

2j JlSJ I 2j h*—> Cj 1 *—>jx>Js I 4 OJ i~ t a a Lj I Jj Cj I i j^=Uj 2j JliJ I ojuJljus Cj 1_^=djx>«_ 1 I <? 11 AJjJ IJ 

l1Ll^l.u dlt-u CxjLdl j »tl (^jLse^c JxL JjtCuJj JJlCuJI CjLiJLc Cj Lilli JJ ^ 

J-e ^jjj edJLo (^jL>JLl eLJb J-iCuJ I c JlxJI Cjl.il/Oj Jj-Cull 2 jC 2 Jljlj jLUL J-e ^jjj 

Z75 Jl djj>JLl J-U2J LoJlic. jLuJI j*j! jJI JL>JLl ^j_5j^-hl~ JlcL-ojJ clAjJI 


4_i_aii! £ya 
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jjduiljLuJIuVi 


ulJUUlj 

uJLUl 




^- 

: L-t^Djj uj SQUIRREL CAGE uL?l1lu ^ ♦ Rotor^ldJ! >£a1I - 2 

j^ljJI j) /si* tl JjLsj 4.^JLc 

(JjUjJI -<_) 


Jl4 a2iI 4 _jJLc. 4_uI j->. CjIj jl j-A (JU4 

^jLaeJL<-a]| Stl CjLiLc “£ 

^ < mjIoLJJlH cJilitU! Jll^LLc J)-lLl<-(.JI ^jIJ. g^> ^j-4 JpUajJI j_L-^J 4 _l£j 

4j^jI J c-Jj_Sj L^j 4jjL^.cV1 CjIjLuJI Jll^LLo J-JLSjJ 3 jLcj 1 g t j ^j-C 

a d, 1 £juA ilL>» 4 i~i, Ml I^J lo 11 /~~~^> I ^uU2j2 I 

I Cj^Lx^~> jJ* I (j I J 11 4-lJIij I lx Aj 4_<_tuij (Jr k- tj>3 ^ n ^ j^Ixj I Jl^j 

^JLc 4 )*—!> oil jLpJI ^jLj^_u Ej-La..>» 4_4 ^l 2-^ (jlj 4J>U (^jL*JI J-JluILlI] I jilc. jI^jjJI 

^-jLix^JI mi I ^JLc 4-5&.UJ I Jl>. 4^JLc. j-tl £-& l£j\ jH! 
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2Uu!jJ!3Jb^l 

jjduiljLuJIuVi 


ulJUUlj 

uJUJI 


fUj^l 




t^jLujLjJI (jULkiJI — 3 

^j_u_ujJI ! ^ J-palj i^\ j . t ^1 /g & j) aj jw<_4 L_lu 4 4_La_<_uldulin ^jL-uUJI ^jLl l^» tl 

4- J ^ vJ A 1 '^J^ 2 3 OjIjJI j-xiajtU A-u-oIILj (J\Juz 4 HI j />»» tl 

j-4-£2jlJ1 j_Sj j djjjuj ^\_ujL>iJI jl>-( 4- ^ cJijjj>ij 4- j->*j-4 ( 4 jJL^* j 0 ^4 

j-U^jlILj jSljJI j) »t1 <jJL L >o V jJ I 4 Cj Jl>iJ Lc JlLcj £ j \ jl <- uj , \ I Juk ( j r i^- M-3 -^o 41 *—> ^j| jJI 

c^lill 


£jj^—'"jj jj- 4 Z75 J] ^jI jJI j LaJiic. dJuJt CjLoLj J u 3£ ‘Cuz^jQj l£J^_>JLI (JS»I Jlj 

Li La n ^ 4 jj ^uL^JI Haiti! (^£- CIcjIuj 4J_4 c^jJULl 

jJjIjJ! j-u^jtil 

tjMlaj ^LmJLl o-^Mnil 4o^ ol^ H^sL-u cii^>Jll ^j )*—hm Lojtic 4.1 ^.,c. AiL^la^ 

'<Lc.J-LjU ^yA /75 J I 4-C.J^-ni ! Lc Jllcj JJ Ju (^JlII £j^>«Jl £>4 JjSl jJI (Ui <«M1 (J-*-4 

aj^^- LjJ 1 ^ojucMnJI 4-jHa ^c. 41^>*^jj )*~hm Ju (^Jiil (jL^ a m tftl dij^JLl 

^Jl-l!I CjLiLa Jx^-ij dJLtjuj 
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jjduiljLuJIuVi 


2j.iU ulJUUlj 

uJUJt Li^ll 





jjkyU) 4^jJ! djJfciI J, J 44JjJa 


t da Lilli Cj~^ A, l,d. u At a da I da>L dJ^>JL I 

J-JluILl 1]| oLiLc — ^jlJI daLULo —j^l jJI daLiLo 



27-4 J^=ui 


uX-JI da LiLa (j^j^^diJI jLuJI jjjJl A_?t_uJ dJj^j^Jll ^ t tnlolliLa (JLse^a jJ j!h ^ J-JI jJc£. 


VL?e^ LfcjjJu ^luj (jP-51 j^ljJI daLiJLa A_j_uL jJL IjLu jJ jjJu <JL>iJJ I Jufc Jji-dilll daLiLaj 

i-d^>J.I (j^\ A-SjjJ^J (jL ( <M l^> Lutl 1 ^jVL>JLl cJjJLjJ ^ 

JjijJ j^jIjJI ^ (<hL>LJlH (JL>JLl JliIjj ^lc. B JlCL_ u_^JLl JjjLduJI ^.Ju Ji-Ic. ^Jl-lJI daLiLo ^jLb dJJjuj 

4ILcjwlxlj jjJu La Ju_c dJJij (^j^djJLI Nj.L aJI ^LuLa a L , Jj ^ Bj^jIjlII L^£_ll Aj^L>«J( 


J^=3_2oJL 1 ^-LiU c JlcLjJ Ll3j (jlj^jjJI ^L>ij| aJLal 





. i jJI ijcli 

Fleming's right hand rule 



Magnetic field from 
"field coils" which 
also have 
AC current 


Slipping contacts 
called "brushes" 


in coil 


28-4 j^=Jl 
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jjduiljLuJIuVi 


ulJUUlj 

uJLUl 




^- 

djJUtf5 


(jja kc j <«-■>11 Jj| jJI j <>.«!1 ,jl . .>.3 4jU OjLilll j <>.*tl Ji»U J ^ i ihULulII JUJU jjJlj LajJLc 

JjUil J*^~> ."iJL Ueu^^JUj 


Aluminum 

Aluminum Bars steel 



29 - 4 J^i, 




(JL?tjC £-A udjL lTuIlj I I Jufcj CjM-^jJJ (Jj-^ jj Ju ^ (tt it^LiLa (JL?e-^ ^LjjI £— C—<-u-aI(J ijjwijG cJLp 


miJLj ^0 1 Q *~> ciJ^Sfc_$JLJ ^j| jJI J- 4 -^JlII ^ 3 ^ ^~ L ^3 


jliil 


Rotor liekJ created by 
induced current How 
In rotor conductors 


/ 


LJ 



<fS^~ 



Rotating magnetic field of 
stator 

30-4 j^=ui 


: <U$JI & jbjdll 

4 ‘^—’j 11 oUU £jjQ (_£ I £— J Juus -<^~» *J ,", 11 4_>-.jJI I j i_lJ_>JU (j Jill <?Uol j-Ju ^ ' 

«.JLl!I CjUJLo jl 
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2UuljJJ3Jb^l 

jjduiljLuJIuVi 


ulJUUlj 

uJUJI 


fUj^l 


LajSX\/*4jsd\ -2 



Aull 


^L>- \ 10 JJ ^jLl^J>iJI £y* 20/ 1 i^yA ^L?CJ^Lj jLuJL) C s>~< \ I LiljJ>i\ I JjU-tldJ 

(J-U_CL*JI CjVTj ^j-ajL^sJLlj £ I1 C n-X-L^ULJ 3jl jV £_L-ulj J^LL^J (J-^^It-^-UJJ 


(, rt~<*—>XI L^k. JILj A-tbLt-bl 3ju>.j 4 _j <j| VI jij-La-tllJLl 4 j>-jJI |j ciJj^>JLl 4 4 -l/uj ♦ l AiS^iJ 

4J^=uc| j LiJj^>JsI ( j r ic.L j llLILc 3 jLc <—oIL^aJLl j)£^kl <—>1 fll a JI^IlJLj 

(^jJI dJJj jwl^d! J-JLILlIJI J-k. (jljj-i fjx c jj ciJj^^JLl l£]^>JLI (J^l-i J 1 ^jLk 

j^L^lJLl 4 j^jJI jJ I / nj Lc-4 yJt-L^ | IjLu dll£LuJ 4jI £-4 jj La-tlJLl 4^jJI ciJjLSta 4_jk*j 

(. rt~< ^—> XI L^-Lo . 1 ^ M^-nj>J £— < V> L—> 1 n't ^=JL I < \'l ^ A_u 1 \J £ i \ | Cj LL^e-JaJ I 3 jL>*J J-& ♦ LXl^ll 

4 rt~i *—> XI 4 ju-oJ I ^/Lc. 4 rt~i *—> XI 3j Jl£ L-£jsu^ ^jjjil^y'i *—-1. IVI t ^4JjJI c <7~<^"nll^ I 

c_-<j>iJ Ju Juxj 3 Jul jJI A.Jjj5e_<-aJJ j I (JL$jlL_uVI 3jH^=lJ A-?e_uj 4_t^ I4 rt~<*—>XI JlS-jj jljLaJL) ^-uLSjj 

Lljj_Sj 4jlu_o]| (J-hloj 4J j_>. Lj «dljui^l 


aJL>JI £Jl& LiJj^>Js I Lr Ll jikjJ <L^zdj^>J I £ Ju 3 JlC Lu-^JJ CjL^d jJ>Jll ^y2JU t 

(Jljk 3 j^jI jJI Jkj ?. J_l!I ^.Lxj j ckl^aJLl J_<^JLj_<_aJ CjII ^Ij- 5 ! ^r3 t 4 ciJj^>JLl 

«. juJI ‘ ^ ^ j i_djj>Ji! La tiJ^j>J.I j Jj.^luTJI flails 
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jjduiljLuJIuVl 


2j.iU ulJUUlj 

uJdn Li^ll 




fJLdltiSSUjJd^l 

: ^yA L-t^3jJ JJ 4 3 jLj £-4 tj JJ V> th I>t 4 j>*jJI djjJ>Jll Jj-4 ♦ LuSjiJI 

( dull]I j-ju3jl1I CjLiLo — dullSI j i^*\\ JjI^j — ^jvjliw ^ ) duljJI j-uajtJt ~ 1 

( juljJI j-lujl]| ( ^Lu_ul ) CjLiLg —juljJI j^.*,!! JjLjSj — (jljjjJI J 3 ^~^ ) juljJI j-uaJt-ll “2 

i ” 5 ^j^djJJ Jj-LaJI ^llLLa “4 ^jL^uUJI ^jULLzulJI “3 

<J Ltd J)Jj ^JuJj £ JuJ I L J d!JJ>Jl I ^J I Juj ' o'jJ-> fj* er^ : 

4j j Iju JjjLduJI CjLiLc ^ JuJI CjLULc £jud jj dUj ^ ^^=l1j lL1jj>iX I Jiw|Ju jul J ^ < imIoLLLo 

Jjj-u jJI L7 1c ^ JuJI CjLiLc jLuJI JlC-LcuJ t 4 rt~< <i —>XI J-<^JtILcuJj 4 ujj^^3 4j>*j J 90 L&jl JuLo 4 ujj^^ 3 
juIJ ^ / njU>l /» ^ 4JL>JI £ Juk £y£. (J^-iduILlI diLiLa jLuJI (J-t-uJ £)| (J_l 3 4_<i_d ^ < JJ 

jJjlLd jj|jJI j-uajtil 3jj| J jJLjJLj ^jLjj^^d jLu ^LUjI JLc. JL>Jl I I Jjfc J-^JtJJ dulitl j-u^jlII 3jjIJ 

jj Ju^ Jjj JlJI ^jd <duluJI jj-datij j^jJI JUJll £-4 (JdLdb jul jJI j_u2JlII ^ t <nt^>luJL4 (JLsc^c 

Ji^-jj ^LLLc ^j_jj 4_u_jL_j^?I djjj>Jll '<Lc.j-lju Z75 JJ 4dj*-<-aj| Juu LoJiidj djjj>Jl I 

jLuJI i ^ \ 1j ^.juJI djULs 

2£j&j\ uitSUj » JUit L^tSU jl 

d>l j.I/C 3jul J 2— juwT 4 4jj Jd J^cLjuc 4jj Jd SjLjj d!ju>Jll ^.1 

4 J L>J I ^ A_ dlju^Jl I I I ^lluLaj ^ J-JI c ^IL^auc (^£j IL) (J-x-o jj dp- J-uLdll] I 

JjJLdjJI cul!^3_4J ^JuJI x ^ ^j^ITlZl^-uVI d!jJ>iJs Ls 




: JljJI JJ d]jj?td 4^djj>iJI t & j ^Jl_l!( JJ dljj?e-x3 

32-4 
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jruul! jLuJ! uVi 


2j.iU ulJUUIj 

uJUJi Li^ll 




JA14I uki.f I djJ6^ t -3 


Ljj^Jsj (ji »-^-»-tl 30/ 1 JI 1 00/ 1 jj- 4 Jl>-Ij 4j>-j j j J jl_u jjfc 




J ^ L<a- * -Ll-U ^ I ^ _L^L.-,. l J 3 




33 - 4 
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jjduiljLuJIuVi 


2j.iU ulJUUlj 

uJUJi Li^ll 




^- 

: ojlilt - 1 


C_jLLa^Vl JjJj>iJl JjLSj ^yA C_-JLS l ^yA (JJ^OUJ J-&J Bjl-C SjjLJI C-ALl^Vl £jJJI £y* Q3 J 

4_t3 (j^_uL>iJI <jj* c-Jj^JL ^j^a i-xla-3 ^J-^iaJ Jus.dJJL_aJI CjLiJLa L^^JLc. ^IlJI BjjLJI 

juaI c-xla-SJI CjI J CjI^d jusJll juu^za ^ jIL>oj J1MI L-iiil J)l Lj ciJL_^_<_aJI 3 Ju>*Ij <Lil 

j^La-tlJll 4 j>»jJI ciJjUfc^ JUJI 1 CjL illi l^-x£l £-xia jLse^o C-xjIj ^^lc. 



: JlJI — 2 

C-jL^eJ-t-u julj j-uzlC. ( j r l^. (Jili-11 L-J^SJI CjIj CjL^djusJII (^jIL>iJ 

jus VI La! Juvlj g.l,L>,f- VI 4J V CjL^d^ usJll £Jl& jL^d A_ : ^jLujL>JI oLUaiJI — 3 

4_xi>. (^jJ j! uAi (jLLlajtil jLLVI ^yA e_Jj_u<a 

Cj Lilli L^k. £-ud jj SjjL JL^ c-jLLa^I ^lc. (^jLjlJI JJLiai c_<-La_ij| jj ciJjusJll i^gjy. L>iJ 
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jjduiljLuJIuVi 


2j.iU ulJUUlj 

uJUJi Li^ll 




^- 

; 14dJ^a 

U^I^Lul ^jlji^j ^j-£- 3 ^-! Sjlc-Lxuc cjLiJLc ^ I aj^j gJ I cjL^3j^>JLI j*—> ^Ll>ij 

ic.j-t-oj-4 I Jyt £ Ju CjLiLo ^ JiitlLcuJ 4 *—t t> 1 ciJj^>JLlj j^La-tlJll jJ ci]ju>Jll 

4J=idju>J I CjLiLa 90 L&jJtjb 4 jj I j ^Ac. 

24^J (j-a 2jL^. aJL>JI £jufc s.J u CjLiLa JJ 1 juaj| JJLta-ll c-xla-SJI ^Iuukjj 


.uLjJl J) iS> * tl C-jLLa-S | ^ £jAjjL>iJl Jl>. | ( j r ic. ic.J-UDJ-4 <. lUJI <joA-5eJj| 4,1 a. a. a 


(JL^c j^jGJL L^j jJa_u_uL?cJJI 4-SJL>lJI Sj ^ < mj IoLULq (JL^o Ltiub ujLL^VI oLiLc jLu jjj-a jlIc 
^jljjj ^1 UrV ^ »j J-AI N ^ < a^iloljjLa (JL?e-^ LtioJ Ijl^JJ c - A (JL?e^ £>.£. cJliitlLa ^-COJ laLlLa 

V ^ ^ >a aIU^JLI Cu Lilt I juj G 2 jLjjlXI JJ Lljju>i_t I j x^aj LsJlIcj j^ljJI juiajtJl ju Ju ^IjOjI 

( ^ JuJI CjLila J-caj ^J-Sj (Jjl Cjr 4^ ) 



^Lj-itl £_UD J JwUJU JjUSE-4-> ^L>ul C ^j-^=u$U Cu>j JlkJtl C-xia-SJ! Jul *—>jU^Q UJ 

C-uLjJI j-cIsjlII (j C j<u L^u|jj>»I <jJj3 Juu VI L^.l 3 ^jlj^jJI ^>L>ol (j (i^nC 4 a >1^ 1 ^.<vIo.a. xa Lc! 

^Iju^Vl £-_l$u>u Juju 4_p*lu Jl 4_p-lu 
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jruul! jLuJ! uVi 


2j.iU ulJUUIj 

uJUJi Li^ll 


#4>4£n 


^jVl^^l^LLtu-VIdjjai : LuLj 

^j -4 L-S^I 3 JlC J I ^yA J^-LJ±^=D ^yA L^Jj Jl£ jjHjJ jj, M^~> 4j>*jJ I 4 -LJ^LjJI Cjl >J^->Js | | (, l~r>r 1 

IcJiilL>iJ ^ a L^J ) t ^ <: —» ju - l^=o Ju*. J J I Cjj_u A-ll^ L>. LjJ CjL^dj^>Js I £ a I I 

<a (jljj-i ^J<^. juLi^zs ^j^C. LjJ Q^ * ^ (jljjjJI 

1 <>v^4- / ^ IjLu L-x-^e-f-uJ LjJLc. IjLu L-use-l^u L^-tiaju 

: <Lv« clij^>JLl CjLsIJL geTudtil 

: C-jL^eJ-t-u I CjI J CjI^djaJLI — 1 

cj I jJjJll 3 j I jl cjLl^JlL^JI ^JaljjJI v_L>jLicJLl JlLo aIuLj icj^^-u i a 1 Lalu ^ ju?tlu_aj 

: L _3 IJ^U | jU | JlI | J | CJ I J CJ i£ = 3 J^>iX I 2 


ju>JI cjVT jlc. h^X I (ji/lujVI JiLc j, i j*—> £ju ^jx. c^ JLL\jj JI 


X^ULUJLi 
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2UuljJJ3Jb^l 

jjduiljLuJIuVi 


ulJUUlj 

udLUl 


fUj^l 




j*j| jJI j xiajt llj dcjlltl C^_p* cp_j^=ppJI A_ 4_uL)j^^3lII CjL^d j^X\ plajt ^ 

.ulUl j-uajtJI CjLiLa — duLHI j-l^jlII JpL^j — J^=V' : o-* S-^=Al9 Vjj 

: Cr^jL^I “ 1 

^-{-(■1-lLdLlLc (JL^c ^| 4_j j^j Vj jI JuJl>JI £_lupj 

^ JUJLl - l—>U.U 1 (J-<^ : 4j juL^j 


39 - 4j-^ 



oUj \ \ / njt^l lUi cJliitjJI Ju^LL< 3 J-JLlIlJ) J^3 _JLu_oJI l A i^>) \ ^_jLi2_UO 


: CxjlfJI jju^jlII JjI^j — 2 

ijL jLlsD 

^JL^I jJI 1 ^*p ^^ a_SJL>w J^D_tiu L:r k- xipg ( ijj 1 i^c. ^I cjIjLHI ju^LLg J_JL£l! ) 

xu.L^LulH <JL>Jl 1 - oliUI ♦ JjLsjJI BjuLbj cjLaiil ^jud^I 


40 - 4 



i 


w 

•*.' 





:0_>LUI jjuajJI CjLiLa — 3 

4_u}Li i'" ^.--ij>-ij » • ~-•"(^jUJLL (^u-uJ, yL i (_^ul^_tll ^j-* 5 ^''-**** 



41 - 
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2UuljJJ3Jb^l 

jjduiljLuJIuVi 


ulJUUlj 

udbl 


fUj^l 


^- 

j*j 1 jJI jjuajtJI CjLiLa ” j*j! jJI j-x^jlJI - ^jljjjJI J3^~^ : O3JJ ♦ Ji Jrn $dh&2 Lub 

£y* £-juuaj : (jljjjJI jj^t4 — 1 

L-^jg.Ul j^l jJI j *>>.*,tlj c-jL?eJ jLu : Vx>Jb ^ 1 jjuaJtJ! JpUbj— 2 
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2UuljJJ3Jb^l 

jjduiljLuJIuVi 


ulJUUlj 

uJUJI 


fUj^l 




: jLujWI jULlaJI: UJIj 

(jai-UjJI U ^ t A g. AJ Jj-dl J-C^J J^cLxuO j| 4jJJJ?t4 J^CcL-tuC 4 U M J C^jLUl £-4 ^Lj_uL>iJ| ^jULL^JtJl 

2— (jljj jJI J £y& J~ =2 ^J^3 <^-*-;lLjJI J-X-^JlU 4-.LLuJJLj (jAJL-O £_X-b^J ^jI JlJI J-4-£2JLil 

(jjJ 4 ^=djj>. 0_>iJ dJLJjuj (^tx_uL>iJI ^LkiJI £— 4_j cL- ( 4_JLv j| ^Aj) ^ujj^zo 

CxjIUI jju^jlIIj jlj JlH dJLL>iJ ^jl 


: Qjl^l uUU J^>3 4%>b 

: LjJ J j! 4_<u>iJ HI 1 ^ juaju £J3 4 jv(J-^J I^jJLj l jla 4jvj CjHJLo J-x-o 

: 4JLludjj — 1 

j_uJLIj O^LjJI CjLjI JuJI (Jjlojjj o Jl^Ij 4-La.Sj L*_a CjLjL^j O^LjJI j_^_>iJ O-p* 

( JLL_u ) 4_<U>0 ^jJ I 4_2j^Io JjH i I I ^-X-b 

: hJjJS 4 -Lllojj — 2 

4jL^jj cHLjJI 4_>. jJI 4j|ju £~a ^litl 4_>. jJI 4jL^jj ( j r jllLll 4_>. jJI 4_j|Ju ^a 4j^jJI 4jL^j J-x-ojj O-p* 

4^jJI 4 jI Ju £_<o oJliJI 4 j*.jJI 

( cHj-o ) LjJ J jl! I 4-2 jj^Ls Jj Hi I > mJ I ^_xxd 
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jjduiljLuJIuVi 


ulJUUlj 

uJLUl 







12T i ar a«F 

43 - 4 


UQEF 


setr 


jjIjJI ^jLLUI JUJtt 4 jrtj*—> M<tt jtjLd jj 

2—A l__j^_sjIj LJUju 1—A L-xl^-SJi Jju>o ciiJjj Ll>.A 4^*.jji jLpJi >j 1 

LJUju 2—C c-cLa^JI (Jju>o dJJij LJL-u C £— jLUI j)^~~nij C-cSjJI (j-tuL) LxJ^l>. 

if 

i '* a c£I 4 j ^~i Ti i mj B jLu j-4-i Vj Luj-L>- 1—C i_tt-s g 'Ij 

1-B c-u-La-SJt dJUij B 4 j^jJI jLuJI (JjL^C- L ^ 60 jljuiA-i ^lj_j ui^ 2 ^j9j CjjSj-ll ^_ 
JLui 2-C v U5t l t.tL..r,a rj tl J LUI (J J) *—HM J LxJjJjV 2 B ^ x, lo. 2. t1 ^ Lo-2u 

^ ((fjl^LlLc JL^a I 4 j gTalLt-gj A 4j^jJI jL xj j-4-i Vj LiJj-cv 1 — C c ^x. In.„S.J 1 j 

4- l £p' J LiJ^_>i_} ^_JI j J UAJI L-xla-SJl I 4 _^_lU(JI C-xjL^D jLuU 4jS.jJI 4j>»|jj C-<jJljv La JlIc 4jI I 

OjLlJI J-x^jlJI jjJu 4_u_u_jIoLulI*I C-jLLi^Vl £)l_3 4 jv|j( (J^o £-4 4jI Jlj>o 1 &j C-ljLjJI j-xiajLH 

Cxjlitl j-xiajLH / njUl /» a ^JL?e-a ^lIuj 4jI_3 ^jI Jj^^za It jLuJI 4 jI dJLtj 
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jjduiljLuJIuVi 


ulJUUlj 

uJLUl 






^jjjJ.'^I (j-a jjuuaJ I jjIjJI j <>»«tl ^ i <>.a <uLs i2*jli<JI j ^ < intol-Litll (JL»Jtl jjJu LaJilc. 

^JLlil (_)^~> ' Qe-ur>^-ll j 


Aluminum 


Aluminum 

Bars 


Steel 





j ts >*tl £-A dJLLiub (JL>JLl I jufcj cj^Ll^ j-ll jjJy ^ ^Lljl c-t-u-uTu aj^-uG cjIjLg 

miJLj 1 o*—> ^j| jJI ^^dL9 CujLjJI 
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jruul! jLuJ! uVi 


2j.iU ulJUUIj 

uJUJi Li^ll 


#4>4£n 


(^ujidjjai) jL^>ai>^ubu^^ai:u:Lj 


Cj 1 *—-i^.>JLI JLg-sTmI ^j-cujj Luj^oj I jn^i m ^^IL<-tuc jLpj jI JwJlIXI jLUL) ^JLjluIuj <; > ciJ^sta 

L_-<_^LlliIj cjlIo^LSKiL^D a_jJjJ_U 3j^>.VI Ijl^ ^ a iIt BjJlSJI cjIj 

^jj 'j > It I Cj^T ^Jiitlu-uJ 3j. i«»11 3 jJl2JI CjIj i ~' 1 ( CjLu^dLc^ 



46 - 4 


4_Cjw<_aJ JJ jJj 4-C.J^-caJl 3 j^JlL< 3 L^j| L <V ^3 J- J, J ^=D jlbl iJ jj-* JJfc ^L*JI IJ 

4jjIjL) ^j_2j (^JlI! jL^j>iJI 3jLc. Cu-uj ^ ft* lLUjJ 4_Laj?t4 V LaJilc. Laj>Jl J L^£.Lijjl £— ^JLu 

Lc^-Ltlu VI ^—~1, tj ^LjVI OSJt> *LoLjl1I Cj\ *—-^jj>iX I 3 JuJl C. £\ jj| J^JtlcaJJ 

4JJ LalLc ^L?EJ>»Lj 3 jLc CjI >j^>Js I 0jL& £—^qTu-uJL 1 jLuJI dJjL5e^C JlLo J \juJu^2> 

oVl^ aIi<«\ t tj. a^ulj (jJLij / j*—i ^j ^j*—»^ji 3/1 ^J\ 200/1 

I (JlLa LaL$_i jL?t_4 A_ ic.jj-4 (JL?e^ CjLiLa ^JLc 4 _aLjlJI CjL^d JJ>S\ qj* J-^ I £jJ Ju>*JJJ 4 _^o L>JI 

JjU Mill 


: luSJUI 

Cu_lIjj (JL>Jll <_JLs (J-<3 ^>«-j j^jJI juju>iJ( jl jl <_JL^JI <—(j-^- ^jL^- * jllsVI -1 

^ A ^-1 a l$^>- J LLdV I >J Lc LJLcj 4_t3 ' A '" (Jj 1 ^. < al , ', a d l^ , ,.lj i 1_4J) <f. J LLdV I ^JL><JU i 'I tt^ I 

^>lJ ^1 aJ>U 
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2UuljJJ3Jb^l 

jjduiljLuJIuVi 


ulJUUlj 

udLUl 


fUj^l 


^ — - - - - — s — — ; 

jwL^L_tua j| ^ j-t-A L-iua a_Llu_u(jj dajj>j ^3 Iji_l>. 1 ^ <>>»j t U»/>>" : JLjJLl c_As — 2 

C-JL^aJI jcjIj^cu ^jjC cJj^JL (JL^JsI ^ i lo.^ Co>J ^L^jJI Jj 

0_jj>iJ ^u^-L^aJj jJI J^lJJ aJLl& oL^-i L^-Uaju £>£• 3Jj^ti^ (jr- 5 j-^ai-J-U-aJI 

A j < <m t^LatU c_jLLa_0^? I ( j r ic. (^^IL>«J 



^Ac. J^jljSjJI A_-JLs £)j* L_uL_uI £jJ ^--^i j j-LiLjur> ju£u-i±A jLu ^-HLa 4 -lJclJ : J — 3 

^LLlLg Jl^jJJj cJLall ^jjO M j ^Hiil CjLiLa L-^ljJsa! 4^JI J-x-oJi ^.j aAjLs j! aJ JlL*_4 i ^£ j [ szj 4 

ub>^ Ji 56 * 
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jjduiljLuJIuVi 


ulJUUlj 

uJLUl 




^ —'— =—= — ; 

JJUt-4 L^-daJU ^j-C 4_U_uL>U Cj[ ^-1 la4_J j^ZZLA 4_j|J_L^_<_uI ^j_C, OjLlC. J_& : jLLV^jJI JjUSlC. — 4 


jLiLo c a ‘~-~^S' s 3-^I j <>»r Lr k- < j ^Z3L11 oj I Lr Ll c^JjuJIj £clUI CjL lLa l_3 IjJuI L^j J / O bjJ' 


j />vr cjI il ^ M lj~U ^ /^ j"j CxjLjJI j-dajtJI ^JLc SjlcL-JLI ^ cjLiJLcj 



49 - 4j^i 


^LlZu_uVl J i^,C- ^ I 4_^ZDU_tIoJ I jLuJl (J.UU3 L^J JuliaJ —L-II ^JjtuaJ : 4-U^Jj^sJI ” 5 

I ^ jr uL>iJ( g. Haiti! A_ 3 jL^. ju-^L-tJLlu C-cuuj 



50 4 (J,^-"t ni 


HaL_u^J L^jjL^=uc ^jl tS jLL^^M ^U. ^JLc (jl t (jLujL>JI oUL^iil — 6 
^.c 1 jjJuj <uJL>. jl S jLc 4 ^/uu-uj^ul!I ^jULIsjlJI 

^LL^-C ^-i-li Juj jLLaVI £j-A ">■ *—> t - a Jtuaj ^uLv ^1 t^»r ^JLc, 4_^1 ulJI Cj L^aj*_>Jl I ^jIL>uj 

CjL^dju^JLI £ jj * £jJil I Jufc A_ Ju*.Ij ^uLv 
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jjduiljLuJIuVi 


2j.iU ulJUUlj 

uJUJi wdaJI 




^- 

: Ju ■_■ I 

C-jl £UXI CjLlLc £yA £— jLuJI J-^j( JwJtlLo Ljj, ^^"7 11 jLpJL) LlJ^_>«Js I ^j-U^Jl JiC. 

(^jJI ^jljjjJI ?j*- ^jLjju>ijj ( c-jLL^-sVI (JLstaj ^j< mjIoLIjl^ ^x^JL^o LiLLi^ 



(^ILlil) jJI j-uaJtJI 4^o jj >. C-<_u_t(J 


FIELD WINDING 



SERIES FIELD 


1 I ARMATURE ! 


SERIES ARM. 


51 - 4 


:^ld>raiuU!^l 

cjIIo^L>iJI JlLa a_4JjJJLI cisLli^m ^Ju^tlL-aj: 3 ^JLloJI 3jJl2JI CjL JJjjII Cj[a 1 

a^LjJkJI cjLu^dLa ^j^LLJsl 
^jLjj. > tl J^>|J I CjVT £— ^Ju?fclL<-uJ OJ i i ll I SjJuLl! Cj I J C—>1 — 2 

: j*$£ 


<JL>Jll cjLILc Lot jLpJI ^L>ol ><j ^L>ol *j SjjLJI c_jLL^^M ^L*JI dJ^>JLl ^_ 

( j r JL. JjJl_lLj lj 3jl_C Ajl-lIII 4-Sjj2aJlj I CjLlLc jI 

: ^bjldj^dl jalji* 

cJlLJI AjLiLc ^jlo^yJLj Lj^-4 JlJ 4JLjLdj Jllc I Ju>- Oj (1*—> 4-C.j^-uJ £J3JUJ 1 

<i*—m *JLj J_^_>iJ I 3 jL^J { 4Hc.j-lju M 2 
Lu^Sj 3 jl^jJI ^jL_uj — 3 



52 4 ni 
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jruul! jLuJ! uVi 


2j.iU ulJUUIj 

uJUJi Li^ll 


#4>4£n 


Synchronous Motors : Lulj 

4jJ Ij 4-Cj^-uJ 4 ~ni jj 1 j A 4j3 LLs J I 4-jJ^y^-f—~ni t1 4 j 3 LLaJ I J^>iJ 4_iJ Ljj. ^ ^~~d 4 J T ^ 3-fl I I 

L>Js 1 4 ^.^juu ^a 4 1 C.^-ljj 1 ^ ^ ^ 1-4 4_L-L^.(-uJ dj£. U. dJUli (3^^3^^ 

^ liJLl 

(^I i-jl.JJJpJL) JJu>iJ 4_cjw<_aj ciJj^JLl jjJu L^JL u 4j^_uGJI CjL^d j^X\ jjJu 

LjJI ^ajL-^iw ^yc. lJi]IL>iJ 4_uojLl^jv JIuJLjj 4_Cj^<_u 

4-1 L>- ^J-Lt-J lll! 1 Ju£. ^I^JlII ^ < riJt^> L-1jLX t JL>Jll ^A 4j_a(j,ILo 4_4j|^jJ d^C-J-LJJ lLSj-^aU 

£j-A [j*jJ1 4_C.J-_<_uJ 4 -JjIj^JJlII 4^.^<_uJI L-SjJUJ 5~ ( (fVl 
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jjduiljLuJIuVi 


2j.iU ulJUUlj 

uJUJi Li^ll 




^- - 

^Utlli I J LuJ I jJ ^A L--<-d=D jJ JlLa X LuSjU! 


4j juL^j ^<-0-1-1^LiU \ j-lc. i Ax^i.}\ j! j^&jJI Ju-1 

jjj>JLI — A_JLi^l jJI oUU! — dJj^>JLl 

A^Lufc £-$^>03 L^juaju 3-^ 3 hi j-l—Lt. al!I l-JLu^JI JjLsj ^Juu^j : CxjI!JI j juajtJl - 2 

Juu CjM-^J-U £-ju3 jJ jL?c_ 4 Jill L^-Li_pt^ A_ jJI 3_<o 4-LjJla AjIj t^> / h? 

l^jt.ln.S.^ a^L-cuc <. h\')^ ij ^jIujjjJLj ^-uLjjcJJI ciJ^L-ul : cj^LusjJLI - 3 


ciJj^>JLl oj JlB l_ 3 ^LL>*Lj 




54 - 4 


: ^LuJaLi)! uLb^tfl jJ jjIJJIjmaII 

3 Ij3 jJ I 33_5tjC ( j r ic. 4 J \-£,As~Ut.) ^yC. aJj^A-U ( j r J3 Hi J '-LiuJ I JpljBj ^yA AjIjUmJ j^yA (* i 

Jlaj CjLiiil £jJd jJ jL?c_ 4 I L^-Li_pt^ /j-A u ^yJL^. Ca> 

J ^ mi Ij ijjlj_a ajj^j cjLjJtH^ 3 a j < mjULulXI c_j 1 tV^Vl 33 ju cil^ojJ ^jJI 3 

4-JJ3_3j^D 3 -C. JA I jJ I 3 ts~if tl I J^ T t -i oX I jLpJI JJ fUJJ (^jl_>Js I ^yA 

0 J J 3 J 3 l£] 3 j>JLI j*j( JlII 3_4^jlJI c-jLLa^l J JlC cJiilL>tJ 3 
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jjduiljLuJIuVi 


2j.iU ulJUUlj 

uJUJi Li^ll 




^- 

: SjjLJI ji jjIJJIjmaII -2 


* l^yA (* J IjJ Jl!I J^cLe ^JLc. aILlLo JuJl>JI AjI j) lo m> 1 ^JLc. L-j.^=jj3 c_j1 to °) 1 ojLlC. jJb 

aJjj^lIJ j^3_lLu-uJI t JLuaJI ^jLLl^ 6-« - 1 

U la«" i_cSL*I<JL) i^ «j ^a j^JL j (Jj|^_*-a (j^Lso (-iLL-u ^ya ^ < »^»"j (_ila.2JI CjLiLa - 2 

Ijj jJ I L:r k- (JaIu-lIa ^LSJL>lJ J-co j I ju=ufcj LlSU-G fU LujJjs. LJU^ Lila.3 

^JLc (^jLsE-4-i A-C.j^c A_u_uL>iJ Cj^Ll^ j_a ojl lC c ,<-La.,S..tl Aj Ju>-Lj V! oLaJLc 

J-^-C Jjl£ ^_^Lj ^1 (J^I^IlJI) <jIJ J jJ I <Lc.j-lju ^^JLc ^jJI CjIjIjJL&VI L^jJ-jLbj L^-< alAJ 
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jjduiljLuJIuVi 


2j.iU ulJUUlj 

uJUJi Li^ll 






: J*jl)I AJjiaj 



56 4 (j^—i mi 


<JL>Jll |jL& C_<_>iJ Luu-bj Ijp3 £_uj I jLuJI ^yC. ^ t (JL>Jll ^jl O-o* 

Aj*. jJJ i h i<~i) C-OiJ J UAJI c-cLa-SJI Lc JllC. J ^ O-^) (j ojl^Lliuc 

J LuiJl L—tiaJiJI (JJ)^"1J Lc JlLc. jLl^vIJ ^L>ijVI 4-C.L<-aJI C-JjLS-C. oUol L-cJVjJJ 

^ njua 1 Lj^jL ccua I IjJ lII ^3^ O^ ^TuTlx-cij ciJJ J I jJ*I l s> \ 


Gj V I Jufcj jIj^Iu_uLj L__cJ^jJs! jJJ C C-<J>iJ Lq-xTajI L-xls-SJI (J-^J (J I 


<_ Ol^ Jj>- I 


>1^5! 




Jill 


i^=3^>JI 


4_J | gTiLLt-LiJ tiJLJ J ^ ( <nt^>LiiiI (JL>Jl I ‘Lc.^Juu (JjllOJJ ^ UJalI < ,(..la.,S.lI L_dj^>«J IJI V! 

I Jl! I J L>JL I LljjJ I 4 ~f ‘——1JJ>- $. Ju L-xJ>Q ^-S..£) I I ^_ 


A1 

H 


TriKt? 

(r 1 


, #* / 

C1 s € }- 


A 2 - 

TIME II 


B1 


*1 

$ 

02 s <1 c 

5 M N \ 

V ._--"'_..A V& 1 , 

\$y 

%> O- S"® N 

Cl ^ ^ . 01 



M 

TIME 2 


■!! 

Wv 


N 

A2 

TIME 3 


57 - 4 j^s 


A1 

s 


32 Jf- a “ 

x + Si \ 

(£ 

\ m\/ /^ / 

Nm-s 

fri ^ r^rlL T B1 


A2 

TIME 4 
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juHljLU! uVi XJUL r t 

- - - 

: J^gi w lUL^ fill uljia£ 

Lo* iTuTu-U I 1 HM tj 4 -Sj^Ls (^ L) I^n! I ^lC.^uUU \ lL1j->i\ I j I Ju — 1 

I j LU Lj ^■■S.£) II liJj^X I c_j LL^s I ^ jJu — 2 

j^ujuJLI jLuJLj cIxjLjJI ^jJu ^_uJLl LJ^J aJVI Jpal jlI^. - 3 

^nj| l£]j,j>iJLI 4j ^oL>«JI C nai A la * a\ jlc. L-oJL I 3 ^ 

t ^jjaiuUlJ^I 

l^2_u^3ljJI A^rs-juaJI Aj^HJI (J^-4 AjjLj 4_c.j^ljj Jl ^LL>iJ ^lJ( CjWI 2jIJI ^Justla-iiJ — 1 

j^Iu-oil jLpJ! cjI cjLituisJLlj < t^>r,l 


o JiJ L<i-4 2 j JlSJI J-^LjlX jhi> o*—> A-j->»LT oTu-u 1 CjI L^j ^jJI £_}Lt^_ll 


Jl^-LcuJ 


4_uI A^LkJl JlS-jJ \ A > j mjl!I 



58 4 J^D-tiu 


: 3ji2ll >U >*4 ! JUfcugl 


CjLiLa 2 jLua./a eiJ J jJ^J (JL>JJ I JJt LJLoj 4_jI_ 3 ^ I^jJI cJj^lXI c_jLL^I A_j Julj 2 


2jJl2JI J-^Ljuc dJLlj 




A j mjl! 1 ^ / mj U>1 / ♦ 11 jLiii i xt-ilr> L Hla jLp L^-lc cixjL jJI 


AjuL^-4 ^JLc (^jIL>iJ j^juJLI jLUI 2^ 
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2uuljJ!3Jb^l 

jLuil uVi 


^LuUj^l ulJUdlj uWl^L jla 
^JUJI uA ya J I 


(ta£ 




4_iJ Ljj, ^ ^—jtJ I 4j 3 LLaJ I JlJ jj Cj 1 £-J JJ I j ‘-—i JI " 1 

SjJpJJ jLuJI J I jLlHI JjjGJI jjbLc " 2 

jLuJI CjI "3 

I £-4 jjji I I " 4 

(jj-LaJI 4JJIj “ JJpJI “o j J jJI £>*) - 4 _ojj>iJI 4js. jil ):^jLj 1_4 L-£j~£- " 5 

S4j>»j^M ^j^Lj jjpJll jLpJI jJjj c rn*—> " 6 

S4jvj^M ^J^Lj la l\\ (3^°c3j2^ " 7 

jLpil jj J-4 CjLjj^3l/3 j^d jl " 8 

jJjil 4 <tfl^LiJI c_jLL^^I j<« g*tlj 3 jjL±JI c_jLL^^I jj j<« a*tl ^jjIjs ~ 9 

CjLiLc BJljL^ Lc " 10 

£ 

S(liJ. j.J^) L^JLl lGj9jjj ^jJI “11 

S4_lS^I^h1I cj! jJ jil £— ju^ Li! I jG3 G Lc ~ 12 
4-uLjj>^,^-^ tl Cj 1 I ^JjjI "13 
(, rt~< <i —>XI (^£J ciJ^>JLl (c Jj2aJI ^LliLo “^.JuJI CjLiLc) :3Ju1j 3 Lo " 14 

l-£ j.j.U \ j^jJI j-GsjlJI j c-jL?Gl<-u JlJI j ts> » tl ^jjIjS "15 

^ 3 ,°\ 1 jjJ I LiJ^>JLl ^jj$ j-u IjLX "16 

jGtIL_uJ ^Jj3j (^yJLsIjjJI Gj J^X\ 3-LJlGj(J ^.Ju Cj I jU^. J ^—) J | ” 17 

S 3j JlSJ I Ljla 1 ljJ-5 I ciJjj>Jl I ^ I jG&Tu-u I > <i > 4 rn*—> "18 
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2uuljJ!3Jb^l 

jLuil uVi 


^LuUj^l ulJUdlj uWl^L jla 
^JUJI LA idil 


(ta£ 

sb^SIl 
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a?w» 


ulJUbtlj uWl &4U0 
uJUJl wLaJi 







JLuil JU£ JUH/^ - - - - 

<piji£)lt£Laji/ji-- 

"djjjjC I yaA AJj ^U J ^jUllCJUJ1 winaJl \d IaJ - 

gidll (UbuU 4«U)I 

- 

- - 


-aialjUlul^l (1 

- -v^^viajuw (2 

- - 3uubj^&l Ij£$1$1SjJ\ (3 

- - - - $ bj^&ll uLuuLwi (4 

-a^bj^l^JL^I (5 

-a^b^llu^l (6 

w>i!jLu)!u^^iu!JLJ>« (7 

- - - fbj^SJl (8 




1) Electric Machinery Fundamentals 


By : Stephen J. Chapman 
McGraw - Hill 


2) Appliance Repairs Made Easy 

By : The editor of consumer guide 
Louis Weber, President 
Library of Congress Catalog Card No : 80-81973 
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uJUJl uuo)l fU>4&j 


uLjjbd\ 

A^AiaJI p&j £j*a$X\ 

TT * 

2 .-LoJuva 

3 .^1 jJI d^>JI 

3 .(jj^~> < «J1 c—>■ 

4 .^ - 

6. f^jui aloI CjLoI JiselLutl 

10 .<LaJuLa - 

11 .t^jL>.| JI^>Jtt 

13.- 

17 .^IjJIJ^Jtl - 

18 . ..(jjiLuLlI 

y+*X \jUUI uVl: ^1x113^1 

24 .<LaJ 7) a " 

25 . ..j^ILuiXI jLlII! JlJjj I JLla “ 

26 ..jyUuJll jLu]| 3JT UJ^ajJ “ 

28. ..J^J-LoXl jLpit jJj-* 

40 ..JyUuJll jLpJl dJj^A 

wjUljLulluVi: lu{ 

52 ..^duJJ jLoJI Cil jJjjs - 

56. .jL^n jlJjj 

58.4^j^i jjpJti jLiji Juijj 

60 .jLull Cj! jJj-45 i . “ 

69 . .JJL&X\ jlull “ 

























jm 


ulJUttlj uVVl 
uJbJl uu^ll 





1. 

3. :^jI jJI c^>JI 

3 .: (jj > <-g] I dj>>. 

4 . : 4^3j->J! <!o>. 

6 .^ < inloLLLajj.^'^-it II 0_>JI CjLqI Ju5elu_ul 

9.uV^til :5uit^!3^l 

11.J$*il :V/l 

13.LuLj 

17 .^OllJ^sthLiUj 

18 .jmUaIIuV^ x Uulj 

23.j*L4J jbD! uVl :3&L^13^1 

23.:<W-Lw 

25 .:j^T(dt<jLuJ) JLjp 

26 .: jLuLil ill luSjJ 

28.: j^bd! jLul! ulJtl**: tfjl 

40.: j*L4 I jbttl uLS jjm LuLj 

51 .jjuliljblll uVl :3uuljJI3Jb'jJI 

52 .AC Generator 

55 .^JUljLuJJ JUfyjXuuS 

56 .JLJ^j^LuuS 

58.: Jbd^jXuuS 

60. 

69.jjuIiljLDI 
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I C-tJjJuJIJ 4_cl_*JI A-t-u-f-ujJ.I jjL2J 


3 (d)LJU_*J!) j^xCLt-U-Lt-U 4 jT A^SjJh ^ LI I 
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BAE SYSTEMS 
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tajribaty.com 
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twitter.com/tajribaty 
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tajribatvbac @ gmaiLcom 












